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he use of corticosteroids has brought 

radical changes in the management 
of the nephrotic syndrome in the past 10 
years. The physician who pushes these 
preparations diligently may expect diuresis 
in as high as 90 per cent of the victims of 
nephrosis and may expect the majority to 
have a substantial reduction in albuminuria. 
In roughly 10 per cent of the patients the 
urine will become free of albumin and 
remain so after a 10 to 12-day course of 
corticosteroids. There is no evidence at 
present, and no evidence can be expected 
from the therapy of patients, that treat- 
ment alters the underlying tendency for the 
disease to return. The course of the neph- 
rotic syndrome is so variable, and the treat- 
ment varies so much from patient to patient 
that it seems unlikely that any physician 
can even hope to learn the answer to this 
question. There is general agreement that 
we are keeping patients from dying from 
renal failure. 

This is a serious disease with a 3-year 
mortality rate of about 30 per cent and a 
4-year mortality rate of roughly 40 per cent 
in the 500 cases reported by Riley.! Some 
of these patients had been treated sporadi- 
cally for the elimination of edema only. 
Since the present treatment with corti- 
costeroids was begun, the 3 to 4-year 
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mortality rate has been reduced in some 
small series to 0-8 per cent. Treatment 
has varied so much from group to group 
that the true mortality rate is difficult to 
ascertain, but no authority seems to ques- 
tion that, at least, death has been deferred. 

Complications of prolonged therapy con- 
stitute a serious objection. Daily continuous 
administration in high dosage may cause 
loss of protein matrix, with collapse of one 
or more vertebral bodies. This happened to 
one of our earlier patients. Bilateral cata- 
racts, with loss of all but the perception of 
light, has been observed by the author, and 
less complete lenticular opacities have been 
reported by others.” Short-term high dosage 
(400 to 1,000 mg. of cortisone) therapy 
has been accompanied by symmetrical bi- 
lateral aseptic necrosis of the femoral heads’ 
in patients who were being treated for 
dermatological conditions. The author has 
had a patient on low-dosage therapy (4 to 6 
mg. of methylprednisone for most of the 
time) for 9 years for disseminated lupus. 
This patient developed bilateral aseptic 
necrosis of the femoral heads after 6 years, 
which was thought to be caused by her 
lupus. After 8 years, bilateral aseptic necro- 
sis of the mandibular condyles occurred. 
No other such case has been reported, but 
the symmetry is so striking that the re- 
semblance to the high-dosage cases cannot 
be denied, although lupus alone can do the 
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same thing. The other complications are 
more common and familiar: Cushing’s dis- 
ease, susceptibility to infection, especially 
breakdown of tuberculosis and perhaps 
dissemination of varicella, masking of pain 
and signs of infection, duodenal ulcer, 
acne and other less serious phenomena. 
Hypertension occurs more frequently dur- 
ing the treatment of the nephrotic syndrome 
than during that of most other conditions 
and may become a seriously limiting factor 
to treatment. Awareness of these com- 
plications often suggests remedies for them. 
Fortunately, aseptic necrosis and extensive 
formation of cataracts are infrequent, al- 
though minor cataracts are fairly common. 

Since plans of treatment are varied and 
general agreement has not yet been reached 
as to which is best, it may be well to 
summarize a statement by Conrad Riley‘ 
with which all members of the National 
Nephrosis Foundation were in agreement: 
(1) Corticosteroids should be given in 
large dosage as quickly as a diagnosis of 
nephrosis is made. (2) The preparation to be 
used seems to depend on personal prefer- 
ence. (3) Initial treatment should be con- 
tinued for a long time, long enough to return 
the patient, if possible, to a relatively 
normal state with regard to all the available 
measurements. (4) After the initial treat- 
ment, some long-term plan should be made 
for either re-treatment or continued treat- 
ment. Some give steroids continuously, 
gradually reducing the dose; others wait 
for signs of relapse. (5) All agree that 
proteinuria and not edema should be the 
determining factor in the decision to re- 
sume treatment. 

The choice of steroids, as mentioned 
above, is a personal matter. Lange’ treated 
60 nephrotic patients with triamcinolone 
and was impressed with the improvement 
in response over results with cortisone in 
the same patient. Two of his patients 
experienced marked weakness of the quad- 
riceps muscles and of other leg muscles. 
This persisted long after therapy was dis- 
continued and has persuaded him to 
abandon triamcinolone in the prolonged 
continuous treatment of nephrotic patients. 

Daily treatment produces quicker im- 
provement® but treatment with twice the 
dose on 3 consecutive days each week is 
safer. Therefore, most authorities prefer 
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to give either 5 weeks of continuous therapy 
or continuous therapy until the urine has 
been albumin-free for at least 2 weeks, 
whichever is the shorter period. Steroids 
are then withdrawn, and if the patient 
relapses he is placed on corticosteroids for 
3 consecutive days a week. Believing that 
the smaller the amount of corticosteroids 
used the better, the author always tries 
a 12-day course of therapy, and, if the 
patient’s urine becomes free of albumin and 
remains so, no further treatment is given, 
This has occurred in about 10 per cent of 
the patients in some series. If relapse 
occurs, 3 to 5 weeks of daily therapy are 
given, and then the patient is switched to 
administration of the steroid for 3 con- 
secutive days a week with twice the dose. 
Lange arbitrarily continues this for a year. 
Heymann’ continues for 2 to 7 months, 
depending upon the response of the patient. 
Our practice has been to cut the dose in 
half after a month of albumin-free urine, 
cut this in half after another month, and 
discontinue usage after another month. 
In some patients, we have maintained the 
same dose but dropped administration of it 
to 2 days a week for a month, then 1 day, 
then off. Lange, at one time, used the 
latter method and believed that it was the 
better one. The author has had too few 
cases to be able to judge. Many relapses 
occur with either method. Relapses require 
a trial first of 3-day therapy, but, if the 
condition is severe or if the patient does 
not respond, a return to daily therapy 
may be necessary. If there is no response 
after the first 5 weeks of daily treatment the 
patient is usually changed to 3-day therapy 
anyway. Response should be judged by the 
quantitative 24-hour excretion of albumin. 


Dosage is varied rather arbitrarily. Five 
tablets (4-mg. tablets of methylprednisone; 
25-mg. tablets of cortisone) for younger 
children, up to twelve tablets a day for 
adults in the 3-day treatment, and one 
half to three fourths as much in the daily 
treatment are employed. Our patients or 
their parents are taught to check the 
patient’s urine for albumin daily, and they 
continue to do so until the urine has been 
free of albumin for a year. This creates a 
certain amount of anxiety but also allays a 
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great amount. It has the advantage of 
bringing the patient back to the doctor 
promptly if relapse occurs. 

Luetscher® has pointed out the advantage 
of checking the blood sodium of the severely 
edematous subject prior to treatment and 
suggests giving salt-poor albumin if the 
sodium is low. A water diuresis results 
from this, bringing the sodium level up to 
normal. If this is not done, the adminis- 
tration of corticosteroids may precipitate 
cerebral edema and convulsions. We have 
not seen this with any preparations other 
than ACTH, but it has been reported. 


Infections and antibiotics 


There is some disagreement about cessa- 
tion of treatment during infections. Metcoff® 
believes that he has seen fewer serious 
reactions with cessation of therapy. Cooke, 
Lange, Heymann and Guild!® do not stop 
therapy, and it has often been our practice 
to increase the dose during infections. 
Most authorities agree that therapy should 
be continued if the infecting organism can 
be adequately covered with an antibiotic, 
but many are uncertain about what to do 
in the case of infections which cannot be 
covered, particularly infections which may 
possibly be aggravated by corticosteroids, 
such as varicella. The author has carried 
2 patients through varicella on steroids 
without mishap, but this not mean that 
it can always be done. 

Heymann’ gives routine antistreptococcal 
prophylaxis in the form of Gantrisin. No 
one is really sure that this helps, and most 
prefer to treat the infection when it occurs, 
if recognized. No controlled series has been 
reported on this subject. 


The complicated case 


The patient who develops serious hy- 
pertension or who has a precipitous rise 
in nonprotein nitrogen presents a special 
problem. Once diuresis is established, the 
blood pressure and nonprotein nitrogen 
may fall rapidly, but, in cases in which 
diuresis is delayed, temporary cessation of 
treatment may be necessary. If prompt im- 
provement in blood pressure and/or non- 
protein nitrogen occurs, a compromise treat- 
ment of 1 or 2 days a week can be tried 
and gradually built up as tolerated. Per- 
manent hypertension is a serious deterrent 
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but may sometimes be controlled with 
drug therapy, especially hydralazine. 


Collateral therapy 


Chlorothiazide and other diuretics are 
useful in some patients but do not prevent 
albuminuria and renal failure. Salt-poor 
albumin does not affect the renal lesion 
but may be a helpful adjunct in the severely 
edematous subject. Nitrogen mustards are 
seldom mentioned now and seem to add 
little to corticosteroid therapy. Guild!® and 
a few others believe that gamma globulin 
given once or twice a month reduces the 
number of infections. Others believe that 
infections other than coccal ones occur no 
more frequently than in the normal popula- 
tion. No one seems to have had a controlled 
series treated with gamma globulin. 

A low-sodium diet with potassium supple- 
ment may be needed when the larger doses 
are being administered, even with the newer 
preparations. This is particularly true if 
chlorothiazide or another saluretic agent 
is being employed. 

Bed rest is a useful adjunct in rendering 
the patient free of edema initially and may 
be resorted to in the more severe relapses. 
It is more difficult to keep the urine free 
of albumin if the subject is ambulatory, 
but the improved morale and the practical 
value of the ambulatory state seems to us 
to outweigh this disadvantage. We advise 
against competitive sports for 6 months 
after the urine clears and then suggest a 
gradual increase in activities controlled by 
daily urine tests. 

Spirolactone"™ failed to eliminate edema 
in 4 patients reported by Milton Rapoport. 

Prognosis of the aggressively treated pa- 
tient as compared to the patient who has 
received no treatment at all is difficult to 
ascertain since historical controls cannot 
safely be matched with patients being 
treated currently. No investigator seems 
willing at the present time to alternate 
cases, and it is doubtful whether any subject 
or his parents would permit any patient 
to be used as a control regardless of the 
physician’s wishes. Riley’s data” indicate 
that the 5-year survival rate of patients 
whose disease began in the pre-steroid era, 
but after the advent of antibiotic therapy, 
is roughly 20 per cent less than the survival 
rate of patients who acquired the disease 
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in 1952 or later. This suggests, and most 
investigators agree, that we are prolonging 
life, but there are still insufficient data 
to say that we are changing the eventual 
outcome. Few seem to question the fact 
that corticosteroids have diminished the 
morbidity and improved the ability of the 
average patient to live a more normal life 
than before. Lange has treated his patients 
more intensively and consistently than 
any other group has been treated, and 
eventually a detailed analysis of his cases 
may be rewarding, including a report on 
those patients discontinuing and excluded 
from treatment. 
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L. Vogelpoel, M.D., M.R.C.P. 
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he presence of an apical systolic mur- 
mur has long been recognized as a 
prerequisite for the diagnosis of mitral 
incompetence. So important, in fact, is 
this physical sign that mitral incompetence 
is frequently diagnosed on the basis of 
murmur alone. According to Brigden and 
Leatham,! Hope (1849) was the first to 
relate the presence of a mitral systolic 
murmur to mitral regurgitation, and for 
the rest of the nineteenth century, with 
the exception of Potain, apical systolic 
murmurs were regarded as organic and 
attributed to mitral incompetence. The 
influence of Graham Steell? and Sir James 
MacKenzie,’ followed by Lewis‘ and more 
recently Evans,® led to a break with this 
traditional view, with the result that the 
mitral systolic murmur was relegated to 
insignificance. The pendulum had swung 
too far, however. Sprague and White,® 
Boone and Levine,’ Fishberg,* and Master® 
were among those who felt that a mitral 
systolic murmur could not be regarded as 
innocent and insignificant, and with the 
advent of cardiac surgery this view has 
been justified. 
Gross organic mitral incompetence is 
readily diagnosed by the almost invariable 


presence of a loud apical pansystolic mur- 
mur. Greatly reduced cardiac output from 
uncontrolled cardiac failure or arrhythmia 
may soften the murmur, but in the absence 
of such factors it is not sufficiently ap- 
preciated that gross mitral incompetence 
may be murmurless. Thus, although the 
interpretation of a systolic murmur at the 
apex may at times be debatable, it is 
generally held that the diagnosis of mitral 
incompetence is very seldom tenable or 
even worth considering in the absence of 
a murmur. 

We report here the occurrence of silent 
mitral incompetence. The absence of any 
murmur, systolic or diastolic, in all but 
one of the six cases resulted in failure to 
consider valvular heart disease in the 
differential diagnosis at the bedside. How- 
ever, the salient clue in all was dispro- 
portionate left atrial enlargement, which 
led to the appropriate investigations and 
the correct diagnosis of gross but silent 
mitral incompetence. It seemed worth while 
to draw attention to this situation, since 
mitral incompetence may well be cor- 
rectable by surgical methods, and the 
absence of murmurs may lead to the diag- 
nosis of myocardiopathy of unknown origin. 


From the Cardiac Clinic, Groote Schuur Hospital, and C.S.I.R. Cardio-Pulmonary Group, Department of Medicine, 


University of Cape Town, Cape Town, South Africa. 
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search and the City Council of Cape Town. 
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Fig. 1. Appearance of the mitral valves from the 
left ventricle and left atrium; both chambers are 
hypertrophied and dilated. The valve ring is dilated, 
and gross mitral incompetence is present. The 
valves are sclerosed and the chordae are thickened, 
fused, and shortened with fibrosis of the papillary 
muscles. 


Case reports 


Case 1. G. C., a 70-year-old white woman, was 
first seen in August, 1951, with a history of normal 
health until the occurrence of an attack of acute 
nocturnal dyspnea 3 months before. From that 
time on she noticed effort dyspnea, which was 
progressive until she began to experience orthopnea 
and paroxysmal nocturnal and diurnal dyspnea. 
On examination she was found to have atrial fibrilla- 
tion, moderate jugular venous distention, and a 6-cm. 
tender hepatomegaly. Her eyes were prominent, and 
the thyroid was nodular. Her blood pressure was 
205/120 mm. Hg; the apex was left ventricular in 
type and displaced outward. An intermittent third 
heart sound was audible. Repeated examination 
failed to elicit any murmurs. With bed rest and 
digitalis, the blood pressure soon dropped to 160/90 
mm. Hg. 

The electrocardiogram showed atrial fibrillation 
and digitalis effect. On radiologic examination, 
generalized cardiomegaly was present, the left 
atrium being disproportionately affected. Valvular 
calcification was not detected. 

Cardiac catheterization with saline manometry 
revealed a cardiac output of 2.5 liters per minute. 
Thyrotoxicosis was excluded by the low cardiac 
output and negative tests for hyperthyroidism 
available at the time. A diagnosis of silent rheumatic 
valvular disease and systemic hypertension was made. 

Thereafter the patient was admitted on five 
occasions because of congestive cardiac failure. 
On her second admission in 1953, the blood pressure 
was 160/70 mm. Hg and the heart had become 
grossly enlarged, with the apex in the seventh 
intercostal space in the mid-axillary line. A harsh 
systolic murmur was now audible over the whole 
of the front of the chest, but maximal at the apex. 
On her next admission in 1954, a mid-diastolic 
apical murmur was audible and the blood pressure 
was 195/105 mm. Hg. On her readmission in 1955, 
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a systolic murmur was not heard but the diastolic 
murmur was audible. Her terminal admission in 
1956, was associated with a blood pressure of 
140/75 mm. Hg. A striking triple rhythm was 
present, with a Grade 3 systolic murmur at the 
apex. 

At necropsy the heart weighed 482 grams and was 
markedly enlarged. The right atrium was dilated 
and was filled with postmortem clot. The coronary 
sinus admitted a thumb, and its orifice was traversed 
by Chiari’s network. The atrial appendage was 
full of organizing thrombi, the tricuspid and pulmo- 
nary valves were healthy, and the right ventricle 
was not obviously hypertrophied. The left atrium 
was thin-walled but enormously dilated with focal 
nodularities and thickening suggesting old or- 
ganized mural thrombi. The mitral valve admitted 
three fingers readily (Fig. 1). There was no stenosis. 
The mitral valves were thickened and distorted. 
The chordae were fused, thickened, and shortened 
with fibrosis of the papillary muscles; the left ventric- 
ular wall measured 1.6 cm. and was hypertrophied. 
Congestive cardiac failure was marked, with fine 
cirrhosis of the liver and pulmonary congestion. 
Microscopic examination showed hypertensive vas- 
cular changes in the kidneys and the adrenals. 
The changes in the papillary muscles, chordae, 
and mitral valves were conceded to be rheumatic 
in origin. 

Case 2. A. D., a 33-year-old Malay male, was 
first seen in February, 1957. He had been quite 
well until 9 months previously, when he began to 
feel short of breath on effort. At first this was 
slight, but deterioration was progressive. In Novem- 
ber, 1956, he had an attack of paroxysmal nocturnal 
dyspnea, and thereafter the attacks recurred almost 
nightly, so that he was forced to give up his work. 
There was no history of rheumatic fever. On ex- 
amination at the Medical Outpatients’ Department 
he was found to be in cardiac failure, with gross 
dyspnea, for which mercurials and digitalis were 
administered. No murmurs were audible at that 
time. The electrocardiogram showed left ventricular 
damage. 

When he was examined in the Cardiac Clinic 
a month later, the jugular venous pressure was 
found to be considerably elevated, and hepatomegaly 
was still present. The pulse was normal, and the 
blood pressure was 140/100 mm. Hg. The apex 
beat was in the fifth intercostal space in the anterior 
axillary line, and was left ventricular in type. 
No murmurs were audible. Screening showed dis- 
proportionate left atrial enlargement, a large left 
ventricle, and hilar congestion. The cause of the 
heart failure was obscure, but a diagnosis of silent 
mitral incompetence was entertained. 

The patient remained under regular treatment, 
and after 18 months was still edematous, with 
hepatomegaly and an apical triple rhythm but no 
murmurs. In May, 1960, he was admitted for 
cardiac catheterization; the signs and symptoms 
were completely unchanged. The phonocardiogram 
showed a loud third heart sound but no murmurs 
(Fig. 2,A). By now atrial fibrillation had developed, 
the left ventricle had enlarged further, and marked 
left atrial enlargement was still present on x-ray 
examination (Fig. 3,A). 
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At cardiac catheterization, the right atrial pres- 
sure was 11/5 mm. Hg, with a mean of 7, and a CV 
wave of 3 mm. The right pulmonary arterial wedge 
pressure was 42/22 mm. Hg, with a mean of 25, 
a CV wave of 20 mm., and a sharp Y descent (Fig. 
4,4). the pulmonary arterial pressure was 55/25, 
the radial arterial pressure 135/75, and the left 
ventricular pressure 125/12 to 25 mm. Hg. Simul- 
taneous diastolic pressures from the right pulmonary 
arterial wedge and left ventricle showed a 2-mm. 
diastolic gradient, which was probably due to the 
difference in manometric levels; the pressures were 
22-27 and 20-25 mm. Hg, respectively (Fig. 5). 
There was no gradient between the left ventricle 
and aorta. The cardiac output was 3 liters per 
minute, and atrial fibrillation was present. 

The injection of 50 c.c. of 90 per cent Hypaque 
into the left pulmonary artery barely outlined the 
pulmonary arteries and veins because of the very 
slow circulation. Cardiogreen injected into the left 
ventricle and aorta, with sampling from the femoral 
artery, showed curves of nearly normal contour. The 
left ventricular injection was slightly more spread 
out than the aortic, suggesting a large left ventricle 
or some mitral insufficiency. Both pulmonary 
arterial and superior vena caval injections produced 
very flat, spread out curves, with disproportionate 
prolongation of the disappearance slope, giving a 
CL:CR ratio of 0.85, which suggested a very large 
pulmonary and left atrial volume together with 
insufficiency of the mitral valve. The curve recorded 
after injection into the superior vena cava was not 
significantly different from that recorded after 
injection into the pulmonary artery, suggesting 
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that the right heart volume was not unduly large 
and that there was no severe tricuspid or pulmonary 
incompetence. 

The catheter findings thus indicated pulmonary 
venous hypertension secondary to an elevated left 
ventricular end-diastolic pressure, with no mitral 
valvular gradient during diastole. The wedge con- 
tour and dye curves suggested a significant degree 
of mitral insufficiency. The diagnosis made was 
silent mitral incompetence with atrial fibrillation, 
presumably due to rheumatic mitral valvular disease. 
Mitral incompetence secondary to cardiopathy of 
unknown origin could not be excluded. 

Case 3. P. F., a 41-year-old white woman, was 
seen in September, 1957. When she was 18 years 
old, an anesthetist had first drawn her attention to 
a cardiac murmur. There had been no history of 
rheumatic fever prior or subsequent to this. She 
had a normal pregnancy, but about 13 years before 
admission she had noticed palpitations for the first 
time. In 1952, she developed paroxysmal disturb- 
ances of rhythm and was found to have atrial 
fibrillation but no evidence of heart failure. Three 
years later she was forced to give up playing tennis 
because of dyspnea. This was followed by increasing 
symptoms, which progressed to swelling of the feet 
and abdomen, necessitating digitalization, diuretics, 
and hospitalization. 
~- On examination she was in gross heart failure, 
with marked venous congestion, tricuspid incom- 
petence, and hepatomegaly. Atrial fibrillation, under 
digitalis control, was present. The apex was quiet, 
with right ventricular activity medially and a lift 
over the pulmonary outflow tract. On auscultation 
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Fig. 2, Phonocardiograms at the mitral (7A) and fourth left intercostal space (41S), high frequency (HF) and 
medium frequency (MF), from Case 2 (A) and Case 3 (B). Atrial fibrillation is present in both. In Case 2(A) 
a third heart sound is recorded but there are no murmurs. (Base-line artefact is present.) In Case 3 (B) a pan- 
systolic murmur is present at the fourth left intercostal space, with wide splitting of the second sound, but no 
murmur is shown at the mitral area. The external carotid arterial tracing (CAR) and ‘“‘apex cardiogram”’ from 
the second left intercostal space (21S) are synchronously recorded. 
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Fig. 3. Anteroposterior and left oblique views from Case 2(A) and Case 3 (B). Disproportionate left atrial 


enlargement is present in both. 


there was a widespread triple rhythm audible at 
all areas. After she exercised, the third sound became 
murmur-like, and a soft systolic murmur appeared. 
Phonocardiography (Fig. 2,B) showed a tricuspid 
systolic murmur, wide splitting of the second sound, 
but no mitral systolic murmur. The electrocardio- 
gram showed combined heart strain with digitalis 


effect. On x-ray examination, moderate cardio- 
megaly was present, with disproportionate left 
atrial enlargement (Fig. 3,B). 

At cardiac catheterization the mean right atrial 
pressure was 22 mm. Hg, with a CV wave of 13-22 
mm., indicative of tricuspid incompetence. The 
right pulmonary arterial wedge tracing showed a 
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CV wave of 15 mm., with a sharp Y descent and a 
mean of 35 mm. Hg (Fig. 4,B). The pulmonary 
arteria! pressure was 50/30, the right ventricular 
pressure 51/6-17, and the femoral arterial pressure 
100-120/77 mm. Hg. Atrial fibrillation was present. 
The cardiac output was 3.4 liters per minute, and 
the tricuspid valve was normally situated. The 
catheter findings thus indicated pulmonary venous 
hypertension with significant mitral incompetence, 
and moderate pulmonary arterial hypertension 
with significant tricuspid incompetence. Ebstein’s 
anomaly, which was one clinical suggestion, was 
excluded. 

The diagnosis at the time of the patient’s dis- 
charge was silent mitral incompetence, presumably 
due to rheumatic mitral valvular disease, with 
atrial fibrillation. Necropsy was not performed when 
she died some months later. 

Case 4. N. S., a 53-year-old white male physician, 
was first seen in June, 1959, at the age of 53 years, 
with the following history. As a medical student 34 
years before, he first became aware of premature 
systoles. He was seen by Sir Maurice Cassidy at 
that time and was told that he had no heart disease. 
Seven years later he developed asthma, from which 
he suffered for many years, finally developing 
several attacks of status asthmaticus associated 
with chronic emphysema. For the past 10 years, 
since he has been in Cape Town, he has been free 
of actual asthmatic attacks, although he has suf- 
fered from chronic wheezing and dyspnea. In 1948, 
he woke up one night with an attack of paroxysmal 
tachycardia, and on examination shortly afterward 
was found to have developed atrial fibrillation. 
In June, 1951, after an unsuccessful attempt at 
quinidine conversion, he was digitalized and has 
been kept on a maintenance dose ever since. The 
electrocardiogram showed atrial fibrillation, right 
axis deviation, ventricular ectopic beats, left ven- 
tricular hypertrophy, and digitalis effect. X-ray 
examination showed moderate cardiac enlargement, 
with a “mitral’’ contour, and disproportionate left 
atrial enlargement. No murmurs were audible at 
any time. In June, 1958, he was readmitted to the 
hospital for noncardiac reasons, and again there 
were no abnormal auscultatory findings. In Septem- 
ber, 1959, he had an attack of pyrexia, followed by 
the signs and symptoms of congestive cardiac 
failure. 

On examination he was in right heart failure. The 
jugular venous pressure was elevated to 20 cm., 
with the CV waves of tricuspid incompetence, and 
the liver was distended five fingerbreadths. Atrial 
fibrillation was present, with numerous ectopic 
beats, and the blood pressure was 115/70 mm. Hg. 
The apex was in the sixth intercostal space, 1 
inch beyond the anterior axillary line, and was 
left ventricular thrusting in character. The first 
heart sound was normal in intensity, and, on oc- 
casion, a Grade 1-2!° pansystolic murmur was 
audible at the mitral and tricuspid areas. 

The electrocardiogram showed atrial fibrillation, 
ventricular ectopic beats, combined heart strain, 
and digitalis effect. The x-ray film (Fig. 6,4) 
showed very striking cardiomegaly, with almost 
aneurysmal dilatation of the left atrium; calcifica- 
tion of the mitral valves was not seen. Comparison 
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with previous plates taken in 1951 showed a quite 
definite increase in the size of the heart. 

Recent examination has shown improvement in 
symptoms but no change in the heart size. A very 
soft (Grade 1) short murmur was present at the 
mitral and tricuspid areas, and phonocardiography 
showed coupling due to ventricular premature 
systoles but no mitral systolic murmur (Fig. 7,A). 

Case 5. C. W., a 35-year-old Coloured woman, 
was first seen on Aug. 30, 1957. She had been quite 
well until 2 weeks before, when she developed an 
influenza-like illness, with sore throat, body pains, 
pyrexia, and sweating. She stayed in bed for 2 
days. On the third day she returned to work but 
did not feel well. On the fourth day she suddenly 
noticed swelling of the abdomen, and pain in the 
chest, which was worse when she coughed or breathed 
deeply. A day later her legs and face began to swell. 
From then on, progressive dyspnea developed and 
paroxysmal nocturnal dyspnea ensued. Herpes of 
the abdominal wall, anorexia, and vomiting were the 
other symptoms. 

On admission to the hospital she was obese, 
orthopneic, and in congestive failure, with edema, 
raised venous pressure, and hepatomegaly. The 
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Fig. 4. Right pulmonary arterial wedge pressure 
recordings from Case 2(A) and Case 3 (B). The 
markedly elevated pressure is shown in both with 
a dominant CV wave of mitral incompetence and 
a sharp Y descent. Atrial fibrillation is present in 
both patients. 
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Fig. 5. Synchronously recorded right pulmonary 
arterial wedge and left ventricular pressures, show- 
ing the high end-diastolic pressure in the left ven- 
tricle, the absence of a diastolic gradient, and the 
presence of a large CV wave of mitral incompetence. 


blood pressure was 140/80 mm. Hg. No murmurs 
were audible, but a triple rhythm was present. 
The electrocardiogram showed left atrial enlarge- 
ment and left ventricular damage. X-ray examina- 
tion showed cardiomegaly, with prominent pulmo- 
nary arteries. 

When she was seen in the Cardiac Clinic a week 
later, the blood pressure was 130/90 mm. Hg, 
and she was no longer in cardiac failure. The first 
sound was palpable and accentuated, and the second 
sound was split, with accentuation of the pulmonary 
component (Fig. 7,B). Screening showed large 
pulmonary arteries and disproportionate left atrial 
enlargement. 

She was examined on several occasions thereafter, 
and at no time were any murmurs noted. The 
electrocardiogram remained abnormal, with per- 
sistence of left atrial hypertrophy and left ventricular 
damage. A diagnosis of acute myocarditis was made, 
with acute heart failure and silent mitral incom- 
petence. 

After discharge she remained well without treat- 
ment, and apart from dyspnea on moderate effort 
she was symptom-free. Early in August, 1960, 
however, her symptoms returned, and she was 
admitted with ankle edema and abdominal swelling. 
The physical signs were the same as on her first 
admission, with edema, jugular venous distention, 
hepatomegaly, pleural effusion, and proteinuria. 
Cardiomegaly was again noted clinically and radi- 
ologically, with disproportionate left atrial enlarge- 
ment (Fig. 6,B). The heart sounds were unchanged, 
and there were no murmurs. 

The diagnosis made was silent mitral incompe- 
tence in association with myocardial failure of 
unknown origin. 

Case 6. J. S., a 35-year-old unemployed Coloured 
man, was first seen in July, 1955. Three years before, 
he had developed hemoptysis, for which he had 
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attended a tuberculosis clinic, and despite repeatedly 
negative sputa had been treated with streptomycin 
and, later, isoniazid. X-ray films were always 
negative for tuberculosis. About once a month he 
was subject to attacks of paroxysmal nocturnal 
dyspnea, which lasted half an hour at a time, but 
during the day his effort tolerance was reasonably 
satisfactory. Frequently repeated hemopytsis was 
a striking symptom. 

On examination of the patient the jugular venous 
pressure was normal, and there was no evidence of 
heart failure. The pulse was normal and the blood 
pressure was 130/90 mm. Hg. The apex was left 
ventricular in type, in the normal site; a Grade 1-2 
first heart sound was present, with a long Grade 
2/4 diastolic murmur and a suspended presystolic 
murmur associated with first-degree block. No 
murmur was audible in systole, on careful ausculta- 
tion. Nor was there an opening snap. The signs 
suggested fibrotic or calcified mitral valves, but 
calcium could not be seen on screening. The left 
atrium was enlarged radiologically and electro- 
cardiographically. Operation was deferred. 

The patient returned to work, but soon developed 
acute nocturnal dyspnea with pulmonary edema, 
for which he was admitted to a tuberculosis hospital, 
where he had several episodes of hemoptysis and 
was kept in bed for 5 weeks before transfer. On 
examination he was now found to have developed 
atrial fibrillation and a very soft Grade 1/6 apical 
systolic murmur. The other signs were virtually 
unchanged. An operation was advised after digitali- 
zation and diuretic therapy. At operation the 
pulmonary artery was found to be slightly larger 
than the aorta, with a pressure of 35/15 mm.. Hg. 
The pressure in the left atrium was at least 25 mm. 
Hg, with large CV waves of mitral incompetence. 
Intracardiac palpation of the mitral valve revealed 
a systolic thrill and systolic jet, with calcification 
around the margin of the valves. The orifice of the 
valve was at least 3.5 cm. in diameter, and operation 
on the mitral valve was not attempted. The post- 
operative course was satisfactory; the arrhythmia 
was temporarily corrected with quinidine but soon 
reverted to atrial fibrillation. For the first 2 post- 
operative months he felt much improved. Re- 
examination of him as an outpatient showed a 
Grade 2/6 mitral systolic murmur and a Grade 
2/4 mid-diastolic murmur at the apex. He failed to 
reattend until a year later, when he reported with 
a return of symptoms. For 3 months he had been 
having recurrent attacks of paroxysmal nocturnal 
dyspnea, and a week prior to admission he had 
experienced frequent palpitations. Examination re- 
vealed the rhythm disturbance to be that of flutter 
with varying block; there was virtually no systolic 
murmur audible at the apex. He was digitalized 
and discharged after 4 days. Five months later he 
returned with paroxysmal nocturnal dyspnea, hemop- 
tysis, and progressive dyspnea. He now had atrial 
fibrillation, and, on auscultation, a Grade 1-2 
systolic murmur was audible at the apex. Treatment 
was continued and he was not seen for a year, when 
he reported with a recurrence of symptoms. On 
this occasion a Grade 2-3 mitral systolic murmur 
had become clearly audible. A year later his con- 
dition was unchanged. 


| 
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Discussion 


Six cases of severe mitral incompetence 
with no murmur of mitral incompetence 
have been presented. In the first case, 
cardiac catheterization was performed to 
exclude thyrotoxicosis as a cause of ob- 
scure heart failure with atrial fibrillation 
and a nodular goiter. The disproportionate 
enlargement of the left atrium radiologically 
suggested rheumatic valvular disease, and 
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this was proved at necropsy 5 years later 
when gross rheumatic valvular disease with 
pure mitral incompetence was demon- 
strated. The absence of murmurs could 
not be entirely attributed to the low 
cardiac output and severe heart failure, 
since the condition remained silent even 
when the patient had improved and was 
well enough for discharge. Moreover, as 
her condition deteriorated and her blood 


Fig. 6. The anteroposterior and right oblique skiagrams in Case 4 (A) show considerable left atrial enlargement, 
as does the right oblique view in Case 5(B). In Case 6(C) the anteroposterior view shows a virtually normal 
cardiac silhouette. 
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Fig. 7. Phonocardiograms from Case 4 (A) and Case 5 (B) show no murmur at the mitral area (MA). In A 
_ there is a pansystolic murmur at the tricuspid area (4S). Atrial fibrillation with coupling due to ventricular 
ectopic beats is present. Wide splitting of the second heart sound is shown in both cases. 


pressure fell from hypertensive to normo- 
tensive levels, thus diminishing the gradient 
between the left ventricle and the left 
atrium, mitral murmurs became audible 
both in systole and diastole. 

The second patient was examined re- 
peatedly both during sinus rhythm and 
atrial fibrillation over a period of 3% 
years. Cardiac failure was always present 
and cardiac output was less than normal; 
nevertheless, his condition was never so 
bad as to reduce mitral valvular flow to an 
absolute minimum. The absence of mur- 
murs could hardly be attributed to the 
severity of the heart failure per se. As in 
the first case, disproportionate enlarge- 
ment of the left atrium radiologically was 
the clue to the diagnosis, and during sinus 
rhythm, left atrial hypertrophy was con- 
firmed electrocardiographically. The diag- 
nosis was proved by cardiac catheterization, 
with the demonstration of severe left atrial 
hypertension with a dominant CV wave of 
20 mm. Hg and no diastolic gradient across 
the mitral valve. The high end-diastolic 
pressure in the left ventricle confirmed the 
presence of left ventricular failure. Dye- 
dilution curves strongly supported the diag- 
nosis of mitral valvular insufficiency. Al- 
though the exact etiology is obscure and 


rheumatic heart disease cannot be proved 
short of necropsy study, the presence of 
a severe degree of mitral insufficiency was 
firmly established. 

A murmur was heard during youth in the 
third patient, but 20 years thereafter, 
when she began to develop symptoms, it 
was inaudible. A few years later, during the 
period of study when she was in heart 
failure with atrial fibrillation, there were 
no apical murmurs. The presence of a soft 
systolic murmur at the tricuspid area, 
with heart failure of obscure origin and 
diminished pulmonary blood flow, raised the 
question of Ebstein’s anomaly, and one of 
the reasons for cardiac catheterization was 
to exclude this diagnosis. The electro- 
cardiographic findings and the presence of 
left atrial enlargement radiologically, al- 
though not quite so great as in the other 
cases, suggested the presence of mitral 
incompetence. At cardiac catheterization 
the diagnosis of severe mitral and tricuspid 
incompetence was established, with mod- 
erate hypertension and a reduced cardiac 
output. The pulmonary wedge pressure 
revealed severe pulmonary venous hy- 
pertension with a dominant CV wave of 
15 mm. Since the gradient across the 
mitral valves was not measured, the pres- 
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ence of additional mitral stenosis could not 


be exciuded. 
The fourth patient was known to have 
had an irregular heart action for 34 years 


but was unaware of heart disease. When 
atrial fibrillation developed and became 
established, no murmurs were heard. Only 
after repeated admissions and examinations 
was an inconstant soft systolic murmur 
observed over the anterior aspect of the 
chest. Phonocardiography showed a sys- 
tolic murmur at the tricuspid area but none 
at the mitral area. The presence of dis- 
proportionate and progressive enlargement 
of the left atrium was again the clue to the 
diagnosis. 

In the fifth patient the diagnosis was 
made entirely on radiologic grounds. Re- 
peated examinations during two separate 
episodes of heart failure over a period of 3 
years failed to reveal any murmurs. Dis- 
proportionate left atrial enlargement was 
always present on x-ray examination, and 
the electrocardiogram confirmed the pres- 
ence of left atrial hypertrophy. The etiologi- 
cal diagnosis remained obscure. 

The sixth patient was referred for closed 
mitral valvotomy, with severe symptoms of 
heart failure attributed to obstruction at 
the mitral valve. A left ventricular apex 
beat suggested the presence of some degree 
of mitral incompetence, but there was no 
murmur in systole. In a series of over 300 
patients examined by one of us (V.S.) 
and submitted to mitral valvotomy this 
has been the only patient with significant 
mitral incompetence and no systolic mur- 
mur. At operation, severe mitral incom- 
petence was considered to be the sole 
lesion. The absence of a systolic murmur 
could not be attributed to poor myocardial 
function and a low cardiac output, since 
a murmur was inaudible during his first 
examination when he had minimal symp- 
toms and sinus rhythm. 

Since mitral incompetence was silent, 
all but the sixth patient presented the 
problem of heart failure of unknown origin. 
Were it not for the disproportionate left 
atrial enlargement, mitral incompetence 
would have been missed. Only in the last 
case did a mitral diastolic murmur draw 
attention to valvular heart disease; here 
the unusual feature was the lack of a 
systolic murmur despite gross mitral in- 
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competence found at the time of operation. 
It is believed that cases of ‘‘heart failure of 
unknown origin’’ which show dispropor- 
tionate left atrial enlargement should be 
investigated for mitral incompetence, even 
in the absence of murmurs. If incompetence 
is gross, mitral annuloplasty may be feasible. 

Wood!! has reviewed his experience in a 
careful and detailed study of 300 patients 
with mitral valvular disease. There was no 
patient with significant mitral insufficiency 
in whom a systolic murmur was not heard, 
and he concluded that, “‘It can no longer 
be seriously maintained that a _ mitral 
systolic murmur is of little value in de- 
termining the presence or absence of mitral 
incompetence.’’ A loud pansystolic murmur 
was found in all 30 cases of mitral in- 
competence described by Brigden and 
Leatham,! and in the 23 cases of Ross and 
associates,!? but these cases were probably 
selected on the basis of a murmur. Venner 
and Holling" never encountered at opera- 
tion a wide rigid orifice without a systolic 
murmur. Recent reviews on mitral in- 
competence": have again stressed the 
importance of the mitral systolic murmur, 
and intracardiac phonocardiographic 
study!* has confirmed the presence of this 
murmur in the left atrium near the orifice 
of the mitral valve. It is generally agreed, 
however, that the severity of the incom- 
petence cannot be assessed from the in- 
tensity of the murmur,!’ although, generally 
speaking, the loudest murmurs are as- 
sociated with the severest degree of 
regurgitation. The louder the murmur the 
more likely it is to be due to mitral in- 
competence.'* Incompetence, on the other 
hand, may be severe in the presence of 
slight murmurs. 

In contrast, Logan and Turner!® claim 
that the absence of a mitral systolic 
murmur does not exclude significant mitral 
incompetence. Thus, of 17 cases in which 
a strong regurgitant jet was felt at opera- 
tion, ‘‘no murmur had been recorded”’ 
in one.2° Similar statements have been 
made by others.”!:? Most of this evidence 
comes from cases of mixed mitral vaivular 
disease (such as our Case 6) referred for 
closed mitral valvotomy. 

That mitral incompetence can occur in 
the absence of a systolic murmur has been 
amply demonstrated in this series of cases. 
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The degree of incompetence was gross in 
every case, and it may well be that severe 
mitral incompetence, like tricuspid incom- 
petence,”-*4 can occasionally be silent. The 
degree of incompetence is probably a more 
important factor than the presence of 
cardiac failure, atrial fibrillation, or any 
myocardial (muscular) factor. 


Summary 


1. A systolic murmur, usually described 
as loud and holosystolic, is the conventional 
hallmark of mitral incompetence. 

2. Six cases of silent mitral incompetence 
are described, in which murmurs were 
absent at the apex despite the presence of 
gross mitral regurgitation. In three cases, 
despite frequent examination over long 
periods, no murmurs could be heard or 
recorded by phonocardiography at any 
time. In the other three, soft mitral systolic 
murmurs were sometimes present and some- 
times absent. 

3. Heart failure and atrial fibrillation 
did not appear to be responsible for these 
findings. 

4. In all six patients, radiologic examina- 
tion showed disproportionate enlargement 
of the left atrium and provided the clue to 
the correct diagnosis. 

5. Rheumatic mitral valvular disease 
was proved at necropsy in one and at 
operation in another. Cardiac catheteriza- 
tion established the diagnosis but not the 
etiology in two. 

6. Gross mitral incompetence can occur 
in the absence of any audible systolic 
murmur. 

We wish to thank members of the Staff of Groote 
Schuur Hospital for referring cases for investigation, 
and the Superintendent, Dr. J. Burger, for permis- 
sion to publish. We acknowledge the great help 
received from our Chief Technician, Mr. L. W. 


Piller, and his associates, Mr. R. deMeneau and 
Miss S. Joseph in’ the cases catheterized. 
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The genesis of bidirectional tachycardias 


Agustin Castellanos, Jr., M.D. 
Miami, Fla. 


Seve mechanisms for the production 
of bidirectional tachycardias have been 
proposed.!-"' This is not surprising in view 
of the uncertain origin of arrhythmias 
which have a rapid rate with prolonged 
and bizarre QRS complexes.” As in all 
cases of complex disorders of rhythm a 
complete knowledge of cardiac physiology 
is required. But, in addition, the technician 
should be taught to obtain long strips of 
the electrocardiogram, mainly in one lead, 
so that the greatest number of pathologic 
mechanisms can be recorded, as can be 
seen in Figs. 1-7 of this communication. 


Because of the complexities seen in short 
(conventional) tracings, certain authors 
have advanced the theory that bidirec- 
tional tachycardia probably represents a 
heterogeneous group of cases which have 
similar electrocardiographic configuration.! 
For example, some workers have postu- 
lated the existence of two pacemakers: 
either one supraventricular and one ven- 
tricular? * or two ventricular ones.’ :*:?! More- 
over, others believe that the paroxysm orig- 
inates in one single focus 9-11.18 
or after the bifurcation.” Precisely, this 
communication establishes that not one, 


Table I 
| 
Atrial Alterna- 
Age Heart rhythm Esopha- tion in Ventricular 
Case | (yr.) Etiology failure Digitalis during geal direction rate 
paroxysm leads in Lead V,; 
1 63 AHD Yes Set ae A. F. Yes No 157 
2 68 AHD Yes +++-+- A. F. Yes No 158 
3 70 AHD Yes ++++ A. F. Yes No 150 
4 65 AHD Yes ++++ S. R. Yes No 167 
5 88 AHD Yes ++++ Sz. Yes No 150-172 
6 71 AHD Yes ++++ Yes No 115 
7 75 AHD Yes ++++ te 2 Yes No 168 
8 69 AHD Yes ++++ A. F, Yes No 176-188 
- 71 EM No + A-V. T No No 167-180 
10. 63 AHD Yes ++ A-V. T Yes No 170 
11 65 AHD Yes ++++ A. F. No Yes 166 
12. 84 AHD Yes ++++ A. F. Yes No 166 
13. 9 DM No No ? No No 130 
14, 9 NH No No A. T. Yes No 188-275 


AHD: Arteriosclerotic heart disease. EM: Encephalomyocarditis. DM: Diphtheritic myocarditis. NH: Normal heart. A.F.: Atrial 
fibrillation. S.R.:; Sinus rhythm. A.T.: Atrial tachycardia. A-V.T.: Atrioventricular nodal tachycardia. 
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Fig. J. Bidirectional tachvcardia of atrial origin. 
These tracings were obtained from a 9-year-old 
asthmatic girl with bouts of “repetitive paroxysmal 
tachycardia,” but no heart disease. A supraventric- 
ular tachycardia (rate: 188 per min.) with aberration 
showing different degrees of right-sided intraven- 
tricular conduction defect can be seen in A. The 
esophageal lead (B) clearly establishes the atrial 
origin of the paroxysm. In C, different degrees of 
aberration are seen again. Finally, in D, when the 
rate speeded up to 275 per min., a curious form 
of alternation is present: an rsR’ complex of lesser 
duration and smaller height alternates with one of 
greater duration and height. This record is inter- 
preted as an example of atrial tachycardia with 
bidirectional complexes due to alternating aberrant 
ventricular conduction. The warming up of the 
ectopic center is attributed to a mechanism similar 
to the “rhythm of development.” 


but several mechanisms are involved in the 
genesis of what has been called bidirectional 
tachycardia from a simple morphologic 
configuration. Prognosis and treatment will 
not be considered here. 


Material and methods 


Our material consists of 14 records show- 
ing bidirectional tachycardias (other trac- 
ings from these patients have been included 
in previous reports). All subjects except 
3 (Table I) had arteriosclerotic heart 
disease and varying degrees of conges- 
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tive failure. The detailed clinical data 
are presented in Table I. It is to be noted 
that esophageal leads were obtained simul- 
taneously with a conventional lead, when- 
ever the coexisting supraventricular rhythm 
during the paroxysm could not be as- 
certained with accuracy. The term “bi- 
directional tachycardia’”’ as used in this 
report assumes the existence of a rapid 
ectopic rhythm with a rate ranging in 
80 per cent of the cases from 150 to 188 
(Table I) and rhythmical alternation of 
QRS complexes (either prolonged or nor- 
mal), although such ventricular complexes 
are not necessarily inscribed in opposite 
direction in each lead. Generally, the 
rhythm is regular, but occasionally the 
rate, as well as the interval between the 
complexes of different morphologies, may 
vary more than 0.04 second. 


Results 


Of the 14 cases studied there were 5 in 
which the corresponding records showed 
certain characteristics which could be of 
help in clarifying the genesis of bidirectional 
tachycardias. These cases are presented 
in Figs. 1-7, and the corresponding electro- 
cardiograms are fully described in the 
respective legends. Table I shows the 
basic features. 


Comment 


Many theories have been proposed to 
explain the genesis of bidirectional tachy- 
cardias.'-'* Some have received widespread 
attention!.?.®.9."1.12; others, such as the dou- 
ble circus movement of White and Palmer,” 
have been practically forgotten. One of the 
earliest assumptions favored the ventricular 
origin of the paroxysm.’:* This was due to 
the observation that many cases showed 
frequent ventricular extrasystoles prior to 
or after the tachycardia. Thus, it was 
considered that the two morphologies cor- 
responded to two foci of impulse formation, 
that is, one in each ventricle. 

Such a theory has been challenged in 
later years since the work of Zimdahl 
and Kramer,? who showed that one of the 
two complexes in their case could be 
abolished by carotid sinus pressure, and 
thus postulated that two active centers 
were present—one ventricular and one 
supraventricular. Similarly, other authors 


Volume 


Numb: 


have since reported instances of disap- 
pearance of the arrhythmia by this or 
allied vagomimetic How- 
ever, (ie unquestionable ventricular origin 
of bidirectional tachycardia was established 
in Figs. 4 and 5 by the presence of fusion 
beats; the alternating complexes were ex- 
plained on the basis of irregular intra- 
ventricular propagation. Furthermore, this 
case is a clear example of the abolishment 
of a ventricular tachycardia by carotid 
sinus pressure, so that the effectiveness of 
this procedure cannot be related necessarily 
to the existence of a supraventricular 
tachycardia.! It should be emphasized that 


Fig. 2. Bidirectional tachycardia originating in one supraventricular center, probably in the A-V 
node. The tracings start with a regular tachycardia (rate: 167 per min.) and QRS duration of 0.06 
sec. Note that it is dissociated from an independent sinus rhythm (rate: 103 per min.), and that 
the P waves have a predominant negative deflection in the esophageal lead (£. 30). Alternation 
in the height of ventricular complexes appears toward the middle of the tracing and is best seen in 
Lead II. The records continue uninterruptedly with that of Fig. 3. 


Fig. 3. Bidirectional tachycardia originating in one supraventricular center, probably in the A-V 
node. This tracing is continuous with that of Fig. 2, and shows besides an alternation in the height 
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Scherf!?!8 has reported the slowing of 
ventricular parasystole by carotid pressure, 
indicating the response of ventricular 
rhythms to vagus stimulation. Similarly, 
the transition of bidirectional to unidirec- 
tional complexes without changes in rate 
also rules out the diagnosis of double 
ventricular paroxysmal tachycardia. Evi- 
dently, this possibility is to be considered 
extremely rare because no instance of this 
arrhythmia was found in a recent review of 
15 cases of simultaneous tachycardias." 
Occasionally, it has been considered that 
the disappearance of one type of beat, 
with halving of the ventricular rate after 


of ventricular complexes a progressive alternation in direction of QRS and T, until the classic-image 
bidirectional tachycardia appears toward the end of the record. In Figs. 2 and 3 the strictly regular 
and constant rate, and the gradual evolution from unidirectional to bidirectional alternation, in 
association with only moderate changes in ventricular duration (which is within normal limits: 
0.08 sec.) and rate, lend support to the assumption of a single supraventricular center with varying 
deviation of intraventricular propagation of rapid impulses in alternate cycles. The presence of an 
independent sinus rhythm is against the existence of a rapid atrial arrhythmia, and favors the 
diagnosis of A-V nodal tachycardia with varying intraventricular conduction. Similar QRS com- 
plexes of lesser duration (0.06 sec.) were seen in this patient after the return of normal basic 


rhythm. 


— 
3 
3 
simultaneous | 
iH 
Hii 4 { i 
Fe. 


Am. Heart J. 
736 Castellanos Tune, 1961 


Fig. 4. Bidirectional tachycardia originating in one ventricular center. This tracing starts with 
two normally conducted sinus beats (rate: 91 per min.) which precede a run of bidirectional ven- 
tricular tachycardia (rate: 150 per min.). The most prominent finding in this record is the presence 
of alternation in direction of QRS complexes (its duration being 0.11 sec.) in the esophageal lead, 
whereas the simultaneously obtained Lead V; shows alternation in morphology and height only. 
Sinus activity persists at its usual speed, yet dissociated evidently from the ventricular complexes. 
A curious phenomenon is seen toward the end of the tracing: as the ventricular rate increases to 172 
per min., alternation disappears completely (last three complexes), but with a decrease in QRS 
duration to 0.09 sec. On the basis of such findings it can well be assumed that the paroxysm arose 
in one center, occasionally with, and sometimes without, ventricularalternation. However, from an 
inspection of this tracing, the exact origin of the tachycardia (whether A-V nodal or ventricular) 
could not be ascertained. 


A. 


Fig. 5. ECG from same patient as in Fig. 4. (For legend see opposite page.) 
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Fig. 6. Bidirectional tachycardia originating in one center, probably ven- 
tricular (Lead II). A shows atrial fibrillation and normal ventricular rate 
interrupted by a short run of bidirectional tachycardia (last four beats), its rate 
ranging between 150 and 156 per sec. B starts with the same tachycardia, 
but now after the first three complexes it can be appreciated how, paradoxically, 
the smaller complexes vanish and the larger QRS complexes persist at a rate of 
75 per min., which is exactly half of the tachycardia previously present. 
This phenomenon can well be explained by the presence of an intermittent 2:1 
exit block from the ectopic center and is corroborated by the finding of another 
complex occurring midway between the seventh and eighth QRS complexes. 
The classic picture of bidirectional tachycardia can be observed throughout 
C and the beginning of D. Toward the middle of the latter tracing another 
puzzling alteration is observed: the alternating beats abruptly change in shape, 
so that other beats of a third morphology appear, the rate being exactly the 
same as that of the bidirectional tachycardia (150 per min.). This unusual 
arrhythmia as a whole can be interpreted as a ventricular tachycardia arising 
in one center, probably ventricular. The various morphologies of the QRS 
complexes are due to varying and irregular intraventricular propagation. A 
similar arrhythmia was previously reported." 


Fig. 5. Electrocardiograms obtained from the same patient as was Fig. 4, and demonstrating the 
ventricular origin of the tachycardia (Lead V;). A and B, recorded a few minutes after the preced- 
ing Fig. 4, show the same tachycardia, but now it is interrupted by ventricular captures (C) and 
fusion beats (F), which show that the ventricles are activated partly by the oncoming atrial 
stimulus and partly by the stimulus originating in the ectopic center. Such phenomenon convinc- 
ingly proves the ventricular origin of the paroxysm. Finally, C records the end of the tachycardia 
after carotid pressure was applied. Posterior to such a vagal stimulation a fusion beat appears, 
followed by two idioventricular beats resembling those seen previously. This strip emphasizes that 
ventricular tachycardia can be stopped by carotid sinus pressure. Thus, the disappearance of an 
ectopic rapid rhythm by carotid sinus pressure does not necessarily indicate the ventricular origin 
of the arrhythmia as has been previously assumed. A similar effect on the rate of ventricular 
parasystole was reported by Scherf.!°:!7 
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Fig. 7. Bidirectional tachycardia arising below the A-V node. A shows an 
A-V nodal tachycardia (rate: 125 per min.) and posterior stimulation of the 
atria, which was considered to originate in the lower regions of the A-V 
node. B starts with two A-V beats, followed by an extrasystole arising very late 
in the R-R cycle. It is followed by another nodal beat, which, in turn, precedes 
a run of bidirectional tachycardia. The ectopic paroxysm discharges the A-V 
center so that a simultaneous tachycardia does not exist. Since the pre-existing 
rhythm had its origin in the lower portions of the node, the second (ectopic) 
center must be located below this region. No conclusion can be definitely 
drawn as to whether we were dealing with one or two centers, either before or 
after the bifurcation of the common bundle. 


vagal stimulation, proves the double origin 
of the paroxysm.” Yet, Fig. 6, as well as 
Fig. 13 of the article by Castellanos and 
associates, show that 2:1 exit block from a 
single ectopic center accounts for such a 
phenomenon. Evidence of a unifocal center 
is present in Figs. 1 through 6. 

* Undoubtedly, bidirectional tachycardias 
can be of supraventricular origin, a theory 
postulated originally by Scherf and Kisch,° 
and convincingly proved by these authors 
in cases of atrial tachycardias,®!® and by 
Pick and Langendorf in instances of A-V 
nodal tachycardias." 

Fig. 1 is an example of atrial tachy- 
cardia with aberrant ventricular conduc- 
tion. In some instances this functional 
intraventricular, right-sided, block shows 
persistent alternation, so that the typical 
image of bidirectional tachycardia is seen 
in Lead V3. 

In Figs 2 and 3 the slow change from 
unidirectional to bidirectional alternation, 
associated with only slight changes in QRS 
complexes of normal duration (0.08 second), 
supports the assumption of a supraventricu- 
lar arrhythmia, showing intermittent in- 
traventricular aberration.'!' Obviously, it 
could not arise in the atria, for these 
anatomic structures are activated by the 
sinus node, as seen in the esophageal lead. 


Such findings, coupled with the fact that 
after the disappearance of the tachycardia 
the morphology of the QRS complex was 
similar to those in Fig. 2, lend support 
to the hypothesis which interprets the 
paroxysm as A-V nodal in origin. One 
main characteristic of bidirectional tachy- 
cardias was the finding of alternation in 
morphology, but not in direction, in Lead 
Vi (Table I). The opposite finding was 
usually, but not always, seen in Lead II 
and at several esophageal levels. Never- 
theless, Case 11 (Table I), and Fig. 9 of 
Pick and Langendorf’s paper," show al- 
ternation in both parameters in Leads V: 
and V3r. Yet, positive complexes in Lead 
V;, when present, would disprove the idea 
of a septal center equidistant to the two 
bundle branches, with alternating impair- 
ment of impulse propagation to the two 
bundle branches.” On the other hand, 
alternating complexes in right precordial 
leads are explained on the basis of func- 
tional right bundle branch block in in- 
stances of supraventricular tachycardias” 
(either atrial or A-V nodal) and on the 
basis of alternating irregular intraventricu- 
lar propagation, if the arrhythmia is ven- 
tricular." 

Paroxysmal tachycardia of the bidirec- 
tional type as considered in this report 
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is us. ally, but not invariably, produced by 
digitaiis intoxication. Table I presents evi- 
dence of 3 cases in which the main etiological 
factor was considered to be, respectively, 
encep!ialomyocarditis (Case 9), diphtheritic 
myocarditis (Case 13), and repetitive par- 
oxysinal tachycardia with a normal heart 
(Case 14). 

It should be emphasized that excessive 
digitalization was not the cause in 2 pa- 
tients. In one the tachycardia appeared 
after small and proportional amounts of 
strophanthidin, acetylstrophanthidin, 
ouabain, and digoxin (Case 9), previously 
reported in Figs. 8, 9, and 10 of the paper of 
Castellanos and associates." 


Summary 


Bidirectional tachycardia is a descriptive 
term indicating a tachycardia with al- 
ternation in morphology and (or) direction 
of QRS complexes. A review of 5 cases was 
made, from which it could be concluded 
that the paroxysm originates in a single 
pacemaker, either in the atria, in the 
A-V node, or in the ventricles. 


We are indebted to Dr. Louis Lemberg, Dr. Luis 
Azan, and Dr. José Calvifio for their help in the 
preparation of this paper. 
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The central circulating blood volume 


in normal subjects and patients with mitral stenosis 


T. W. Moir, M.D. 
F. S. Gott, B.A. 
Cleveland, Ohio 


easurement of the central circulating 

blood volume by the Stewart-Hamil- 
ton method has become routine in most 
hemodynamic studies in which cardiac 
output is determined by arterial dilution 
techniques. Although the simplicity of cal- 
culating this volume has resulted in the 
accumulation of a plethora of data, the 
physiologic significance of such determina- 
tions is obscure. A major limitation to 
physiologic meaningfulness is related to the 
time boundaries of such measurements of 
volume and to errors inherent in the use 
of peripheral arterial sampling sites.':? The 
use of the central circulating blood volume 
as an estimate of pulmonary blood volume 
requires the closest approximation possible 
to the time boundaries of the lung, exclud- 
ing the peripheral venous and arterial 
systems. Although such conditions can be 
most closely approximated by injection 
into the pulmonary artery and sampling 
from the left heart or aortic root, the 
practical limitations of these methods for 
general clinical use are apparent. The use 
of dilution curves recorded over the pre- 
cordium for the determination of central 
circulating blood volume, as introduced by 
Shipley* and further elaborated by Lam- 
merant,‘ offers a method whose time bound- 
aries exclude systemic arteries and veins 
and which obviates catheterization pro- 
cedures. 


The intent of our study was to measure 
the central circulating blood volume by 
using the time boundary advantage of the 
precordial dilution technique, both in nor- 
mal subjects and in patients with mitral 
stenosis. Since previous studies of this 
volume using peripheral sampling sites in 
patients with mitral stenosis have shown 
no measurable increase over normal,®-’ the 
possibility of unmasking an increment in 
pulmonary blood volume was offered by 
the use of more meaningful time boundaries. 
A collateral objective was the measurement 
of the central circulating volume after 
exercise by a method uninfluenced by varia- 
tions in flow at systemic arterial sampling 
sites. Although Lammerant‘ has used the 
precordial method extensively in both nor- 
mal subjects and patients with mitral 
stenosis, exercise study of the central blood 
volume by this method in the latter group 
has not been made. 


Method 


The experimental groups consisted of 25 
subjects without heart or lung disease, 
and 14 patients with mitral stenosis. Mitral 
stenosis in the latter group was predomin- 
ant and “pure” in so far as could be 
documented by left atrial catheterization 
or subsequent mitral commissurotomy ; none 
of the patients were in overt right heart 
failure at the time of the study, but the 
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Fig. /. The geometric characteristics of the collimator 
used in the study. Lead thickness of distal end of the 
collimator is 1 cm. 


majority had clinical evidence of pulmo- 
nary hyperemia. All subjects were studied 
in the postabsorptive state without seda- 
tion. Eight of the normal subjects and a 
similar number of patients with mitral 
stenosis were studied before and im- 
mediately after the completion of the 
standard Master two-step exercise toler- 
ance test. 

The determination was made with the 
patient comfortably seated in a special 
chair with adjustable arms.°® Injections of 
10 to 100 we of I*! human serum albumin 
were made into a median basilic vein of the 
elevated right arm via an indwelling No. 
18 Cournand needle; the isotope was con- 
tained in a volume of 2 to 3 ml. and was 
followed by a 10-ml. saline flush. Those 
subjects who were exercised were im- 
mediately reseated at the completion of 
the tolerance test, and the injection of 
isotope was made within 30 seconds of 
completion of the stress. All of the pa- 
tients with mitral stenosis noted dyspnea 
at the completion of the exercise, and 2 
were unable to complete the test. 

The precordially placed detection device 
consisted of a 114 inch sodium iodide 
scintillation crystal with attached photo- 
multiplier tube; mounted in series with 
this device was a decimal scaler, counting 
rate computer, and a pen-writing Esterline 
Angus recording meter. The scintillation 
counter was shielded by a collimator, the 
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geometric relationships of which were pre- 
viously determined by a phantom radio- 
active source (Fig. 1). Since double-peaked 
curves were necessary to calculate mean 
circulation time between right and left 
heart, optimal counter placement for this 
type of tracing has been determined by 
previous studies in this laboratory.’ In 
the determinations of the present study, 
small (5 to 10 wc) preliminary injections 
of the isotope were made in order to verify 
an optimum counter position for double- 
peaked curves. The best precordial site 
for securing such curves with our colli- 
mator has been along the left sternal 
border over the fifth or sixth ribs (Fig. 2). 

Representative dilution curves recorded 
on semilogarithmic chart paper after the 
intravenous injection of 20 uc of I'*! serum 
albumin in a normal subject and in a 
patient with mitral stenosis are shown in 
Fig. 3. Not all curves showed as discrete 
double peaks as in this illustration; such 
curves were discarded, and only those 
tracings in which clear-cut exponential 
disappearance was apparent or could be 
reconstructed were used in this study. 
From these double-peaked curves, cardiac 
output and mean circulation time between 
right and left heart were calculated for 
measurement of central circulating blood 
volume, using the Stewart-Hamilton equa- 


Fig. 2. Schematic projection of heart on chest wall. 
Cross-hatched area along the left sternal border 
indicates optimal site for double-peaked curves. 
Other shaded areas give predominant right or left 
curves. 
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Patient with mitral stenosis. 


tion, Central Blood Volume (ml.) = Cardiac 
Output (ml./sec.) X Mean Transit Time 
(sec.). The mathematical methods used for 
curve analysis and calculation of these 
parameters were similar to those of Shipley® 
and Lammerant.* More recently, we have 
devised a mathematical method of biphasic 
dilution curve analysis that has simplified 
the calculation of cardiac output and mean 
transit time.!® The time boundaries of this 
calculated blood space include half of the 
right heart, the lungs, and half of the left 
heart. Total blood volume was determined 
by the in vitro counting of a sample of 
whole blood obtained from the patient 
10 minutes after the completion of each 
determination of output. 


Results 


Resting. Table | summarizes the mean 
values for central circulating blood volume 
and the associated parameters for its de- 


Fig. 3. Representative dilution curves as recorded directly on logarithmic 
paper. Paper speed, 12 inches per minute. Above: Normal subject. Below: 
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Fig. 4. Directional change of central blood volume 
from resting after standard exercise in normal 
subjects and patients with mitral stenosis. 
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term ation in the normal subjects and in 
the patients with mitral stenosis. Although 
the mean value for the central volume 
expressed either as a function of body 
surface area or as a percentage of total 
blood volume is greater in the patients 
with mitral stenosis (678 ml./M.?; 27 per 
cent of total blood volume) than in the 
normal subjects (610 ml./M.?; 23 per cent 
of total blood volume), this difference is 
not statistically significant. The cardiac 
index is significantly higher and the mean 
transit time significantly shorter in the 
normal subjects than in the patients with 
mitral stenosis. The mean total blood 
volume is the same in both groups. 

Exercise. The values for central blood 
volume, cardiac output, and mean transit 
time before and after exercise are shown in 
Tables II and III. 

In the 8 normal subjects, in spite of 
significant elevations of cardiac output 
and decreases of mean transit time, the 
mean central circulating blood volume 
shows no change after exercise (620 ml./ 
M.2 before, and 628 ml./M.? after exercise; 
25 per cent of total blood volume in both 
instances). 

Similarly, the patients with mitral steno- 
sis were able to effect an increase in cardiac 
output and decrease in mean transit time 
after exercise but showed a decrease in 
the mean value for central volume (618 
ml./M.? before, and 560 ml./M.2 after 
exercise; 24 and 21 per cent of total blood 
volume before and after exercise, repec- 
tively). However, this decrease in central 
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volume is not significant in the small 
sample tested. 

Total blood volume showed a slight rise 
after exercise in both groups, but the 
increments were not significant: 69 + 8 
ml./Kg. before, to 71 + 9.9 ml./Kg. after 
exercise in normal subjects; and 73 + 11.4 
ml./Kg. before, to 75 + 10.4 ml./Kg. 
after exercise in the patients with mitral 
stenosis. 

Although in both groups the mean value 
for central volume showed no significant 
change after exercise, there were individual 
variations, as illustrated in Tables II and 
III and Fig. 4. It is noteworthy, however, 
that among the normal subjects and the 
patients with mitral stenosis the majority 
showed either no change or a decrease in 
central volume after the exercise test. 
In 2 normal subjects (C. E. and W. B., 
Table II) and one patient with mitral 
stenosis (H. D., Table III) the increase 
in calculated central volume after exercise 
was largely due to a relatively small de- 
crease in mean transit time as compared to 
the findings in the majority of individuals 
studied. There were no other distinctive 
clinical or hemodynamic features in these 
3 subjects. 

All of the normal subjects and the pa- 
tients with mitral stenosis showed a rise 
in cardiac output after exercise, together 
with a decrease in mean circulation time. 
However, the mean increment in cardiac 
output was significantly greater in normal 
subjects than in the patients with mitral 
stenosis. 


Table 1. Comparison summary of mean values for central circulating blood volume and associated 
parameters at rest in normal subjects and patients with mitral stenosis 


Cardiac 
index 
(L./M.2/min.) | 


| Mean transit 


| 
| Central blood volume 


Total blood 


Normal subjects (25) 3.30 
S.D. +0.53 
Patients with mitral stenosis (14) 2.57 
S.D. +0.58 
t 4.05 


<0.01 


time volume 
(sec.) % total (ml./Kg.) 
ml./M.2 blood volume 
11.1 610 23 71.0 
+2.5 +168 +5.9 +10,2 
15.8 678 27 72.0 
3.3 +190 ° +6.0 +9 
4.98 1.14 1.95 0.30 
<0.01 0.2 >0.05 >0.5 
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The theory and mathematical analysis 
of biphasic, precordial dilution curves for 
measurement of cardiac output, mean 
transit time, and central circulating blood 
volume has been reported in extenso by 
Lammerant,‘ and by our laboratory.°-! 
This technique has also been recently 
applied clinically by Eich” and by Love™ 
in the determination of central volume in 
normal subjects and in patients with heart 
disease. The major advantages of the 
precordial method are its simplicity of 
application, obviating both cardiac cathe- 
terization and arterial puncture, and the 
attainment of central blood volume bound- 
aries excluding the peripheral venous and 
arterial circulations. The exclusion of pe- 
ripheral arterial sampling sites makes pos- 
sible the study of the central blood volume 
after various stresses (exercise, drugs) un- 
influenced by redistribution of arterial flow. 
The limitations of this technique for the 
measurement of cardiac output and cir- 
culation time as mentioned by Shipley*® 
for wide-angle counting have been improved 
upon by the use of well-collimated pre- 
cordial counters and by the measurement 
of mean transit time rather than peak to 
peak times. 

The failure of the present study to 
demonstrate a clear-cut increase in central 
blood volume in patients with mitral steno- 
sis over that in normal subjects parallels 
the experience of Lammerant,‘ using the 
same technique, and is similar to other 
dilution studies using peripheral sampling 
sites.°-? The enigma presented is that of a 
normal central blood volume in the face 
of clinical evidence of cardiomegaly and 
pulmonary hyperemia. One group of in- 
vestigators has speculatively derived the 
hypothesis that in the presence of a normal 
central volume and an enlarged heart the 
pulmonary component of this volume must 
be less than normal in mitral stenosis.“ 
On the other hand, another group has found 
an increase in central blood volume if this 
volume is related to cardiac output"; how- 
ever, the ratio of central volume to cardiac 
output proposed by them appears to be a 
tautology and merely indicates that the 
mean transit time is prolonged in mitral 
stenosis. Rapaport’ suggested that the 
normal central volume in mitral stenosis 
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is due to low cardiac output, and presented 
preliminary data to show an increase in this 
volume when the output was increased by 
exercise. Similarly, Ball'* has reported an 
increase in central blood volume after ex- 
ercise in a group of patients with mitral 
stenosis. However, in both of these studies 
the central blood volume was calculated 
from dilution curves recorded at peripheral 
arterial sampling sites. Our study does not 
demonstrate that central volume is de- 
pendent on cardiac output in cases of 
mitral stenosis. All 8 of our patients had 
increases in cardiac output with either a 
decrease or no significant change in the 
calculated central volume. 

We believe that the failure to find an 
increase in central blood volume in the 
face of the pulmonary congestion and 
cardiomegaly of mitral stenosis may repre- 
sent a limitation of the Stewart-Hamilton 
dilution technique. Although by this meth- 
od Schlant!* has found a good correlation 
of the calculated central blood volume 
with a total central blood space measured 
by Cr®!-tagged erthyrocytes, these studies 
were made in dogs with noncongested 
lungs and normal-sized hearts. A critical 
study of this type pertinent to pulmonary 
hyperemia and cardiomegaly has not as 
yet been made. Until data to the contrary 
are available, we would speculate that in 
the presence of pulmonary congestion a 
time-concentration dilution curve, although 
giving a reliable estimate of cardiac output, 
fails to measure a mean transit time 
representative of the total pulmonary blood 
volume because of the inability of the 
tracer material to penetrate into slow- 
moving or stagnant blood spaces during 
the primary circulation through the lung. 
To the extent that the calculated volume is 
accepted as a circulating volume,! it is 
appropriately and usefully studied. How- 
ever, the measurement of fofal central 
blood volume and its major component 
of interest, the lung, is probably not amen- 
able to the application of the Stewart- 
Hamilton method in situations of pulmonary 
congestion.!® An equilibration method of 
estimation of pulmonary blood volume 
seems more appropriate. Such a technique 
has been used,’ but objections relative to 
its application in the high-flow, low-volume 
space of the lung have been raised.'* 


Discussion 


Volume ©1 
Number © 


Like Lammerant,‘ we found that the 


majority of the normal subjects had eleva- 
tion of cardiac output after exercise without 
an increase in central blood volume. Lam- 
merant, in fact, demonstrated a significant 
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lowering of central volume after exercise 
with this technique. These demonstrations 
of increased cardiac output without an 
increase in calculated central volume are 
discordant with exercise studies in which 


Table 11. Values for central circulating blood volume and associated parameters 5efore and after 
exercise in normal subjects 


Central blood volume 
Cardiac index Mean transit time 
(L./M.?2/min.) (sec.) 
ml./M2 % total blood volume 
Patient 
Exer- Exer- Exer- Exer- 
Rest cise | Change| Rest | cise | Change| Rest | cise | Change | Rest cise Change 

J.R. 2.90 5.80 +2.90| 15.7 5.8 —9.9 745 560 —185 31.0 23.0 —8.0 
H.P. 3.16 3.98 +0.82/ 13.8 8.8 —5.0 725 582 —143 27.0 21.0 —6.0 
CE. 3.25 5.58 +2.33) 10.1 85 —1.6 543 790 +247 23.0 37.0 +14.0 
|. # 3.73 4.20 +0.47 8.5 6.3 —2.2 528 437 —91 18.0 14.0 —4.0 
J.W. 3.42 640 +3.00)} 11.6 6.1 —5.5 664 650 —14 26.0 24.0 —2.0 
JF. 3.14 445 +1.31/ 15.8 10.3 —5.5 820 765 —55 36.0 32.0 —4.0 
W.B. 2.10 4.05 +1.95/ 10.3 100 —0.3 362 675 +313 16.0 27.0 +11.0 
AY. 3.80 5.50 +1.70; 9.1 6.2 —2.9 576 568 —8 22.0 21.0 —1.0 
Mean 3.18 5.00 +1.82/| 11.8 7.7 —4.1 620 628 +8 25.0 25.0 0.0 

S.D. +0.58 +0.93 +1.9 +145 +116 +6.6 ~+7.2 
% Change +57 —35 +1 0.0 

t 4.76 3.36 1.18 0.916 

p <0.01 <0.01 >0.2 >0.2 


Table 111. Values for central circulating blood volume and associated parameters before and 


after exercise in patients with mitral stenosis 


Central blood volume 
Cardiac index Mean transit time 
(L./M.?/min.) (sec.) 
ml./M.? total blood volume 
Patient 
Exer- | Exer- Exer- Exer- 
Rest | cise | Change| Rest | cise | Change| Rest | cise | Change | Rest cise Change 
R.D. 1.70 2.22 +0.52| 13.2 94 —3.8 380 344 —36 17.0 16.0 —1.0 
L.T, 2.12 3.40 +1.28| 14.4 9.0 —5.4 512 510 —2 23.0 21.0 —2.0 
M.B 2.00 2.15 +0.15| 15.4 11.2 —4.2 517 406 —111 22.0 15.0 —7.0 
J.E. 2.80 4.60 +1.80}| 11.5 7.1 —44 546 545 —1 21.0 20.0 —1.0 
M.G. 3.10 460 +1.50| 12.4 5.7 —6.7 640 407 —233 29.0 18.0  —11.0 
P.W. 3.70 5.00 +1.30| 15.7 104 —5.3 978 870 —108 28.0 26.0 —2.0 
H.D. 3.20 3.90 +0.70/ 17.7 14.8 —2.9 955 975 +20 33.0 34.0 +1.0 
L.M. 2.20 3.10 +0.90| 12.0 7.7 —4.3 428 405 —23 18.0 18.0 0.0 
| 
Mean | 2.60 3.62 +1.02| 14.0 94 —4.6 | 618 560 —58 24.0 21.0 —3.0 
S.D. +0.70 +1.09 +21 +2.8 +226 +234 +£5.6 +62 
% Change | +38 —34 —10 —13 
t 2.23 3.68 0.52 0.98 
P <0.05 <0.01 >0.5 >0.5 
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peripheral arterial sampling sites have been 
used.?°?! However, it has been convincingly 
demonstrated that arterial redistribution 
after exercise may give spuriously high 
estimates of mean transit time for the 
calculation of the central volume with 
the use of peripheral sampling sites.!:” 
Exercise studies, on the other hand, using 
aortic root sampling have shown elevations 
of cardiac output three times greater than 
resting values without an increase in cal- 
culated central blood volume.” The pre- 
cordial dilution technique approximates 
the conditions of aortic root sampling and 
may give a better estimation of actual 
central circulating blood volume after ex- 
ercise than do peripheral sampling methods. 


Summary 


A precordial dilution method for the 
measurement of the central circulating 
blood volume has been used in a group of 
normal subjects and in patients with pre- 
dominant mitral stenosis. This technique 
obviates arterial puncture and cardiac cath- 
eterization, and has the advantage of mean 
transit time boundaries confined to the 
heart and lungs. 

In the resting state no significant dif- 
ference in central blood volume was found 
between the normal subjects and the pa- 
tients with mitral stenosis. This finding 
has prompted a tentative conclusion that 
the Stewart-Hamilton dilution method for 
determination of the central blood volume 
may be inappropriate in situations of 
pulmonary congestion. 

Determinations of central blood volume 
were also made in normal subjects and in 
patients with mitral stenosis after a stand- 
ard exercise test. No dependence of the 
central volume on cardiac output was 
demonstrated in either group, nor was the 
ability to increase cardiac output after 
exercise directly related to the calculated 
central blood volume. 
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The use of 


intracardiac carbon dioxide in the diagnosis 


of pericardial disease 


John H. Phillips, Jr., M.D. 

George E. Burch, M.D. 

Richard Hellinger, M.D. 
New Orleans, La. 


his preliminary report offers confirma- 

tion of and support for the work of 
previous investigators demonstrating the 
safety and diagnostic value of intracardiac 
carbon dioxide in negative-contrast roent- 
genography. Durant, Oppenheimer, Stauffer 
and colleagues!~* developed the method and 
demonstrated its diagnostic value. Scatliff, 
Kummer and Janzen’ recently reported on 
the application of this method in a series 
of 22 patients. The greatest value of the 
procedure thus far has been its use in the 
differentiation of the “large _heart’’ of 
myocardial dilatation from that of peri- 
cardial disease and effusion. 

With a patient in the left lateral decubitus 
position, carbon dioxide, once in the right 
atrium, will rise and outline the right 
lateral limits of this cardiac cavity while 
forming a gas-blood interface below. These 
events are demonstrated by roentgenog- 
raphy. One observes from the patient’s 
right to left the aerated lungs, the opaque 
right atrial wall or ‘“‘band,”’ the bubble of 
carbon dioxide, and the blood level. The 
right atrial wall or ‘“band’’ is composed 
of visceral and parietal pleura, parietal 
and visceral pericardium, and right atrial 


myocardium and endocardium. In myo- 
cardial dilatation the right atrial ‘‘band”’ 
shows little if any change in width. Be- 
cause of the relationships of specific gravity 
in free pericardial effusion, the heart as- 
sumes a dependent position, and the right 
atrial ‘‘band”’ is widened by the pericardial 
fluid. Some widening of this area may be 
seen in acute or chronic pericarditis with- 
out effusion, but here the widening is fre- 
quently not so great, and, in addition, 
other clues help to distinguish this from 
significant pericardial effusion. 


Materials and methods 


The materials necessary for this proce- 
dure are demonstrated in Fig. 1. They 
consist of: (1) sterile 18-gauge needle; (2) 
sterile plastic extension tube; a P-10 Steri- 
lon expendible plastic tube was used; (3) 
sterile three-way stopcock; (4) sterile 50- 
c.c. or 100-c.c. syringe; (5) sterile 20-c.c. 
syringe with normal saline; (6) suitable 
tubing for connection between the stop- 
cock and the tank of carbon dioxide; the 
rubber tubing and glass adaptor from a rou- 
tine hospital intravenous fluid set has been 
found to be perfectly acceptable; (7) tank 
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X-RAY PLATE 


18 GAUGE NEEDLE AND 
PLASTIG EXTENSION TUBE 


20cc. SYRINGE WITH SALINE 


o RUBBER 
TUBING 


3-WAY STOP- 
GOCK 


50-100 ce. 
SYRINGE 


Fig. 7. Demonstration of the position of the patient and the materials necessary for intracardiac carbon-dioxide 


procedure. 


of carbon dioxide; pure medical carbon 
dioxide, U.S.P., was used*; and (8) ordi- 
nary roentgenographic facilities. 

It is obvious that only a small amount of 
equipment is necessary and that storage 
is no problem. The smaller materials may 
be put up in a special tray for immediate 
use. The tank of carbon dioxide may be 
conveniently placed in an out-of-the-way 
corner of the x-ray room. 

For purposes of simplicity the procedure 
recommended by others was modified. The 
procedure is as follows. (1) As shown in 
Fig. 1, the patient is placed in the left 
lateral decubitus position (right side up) 
on a suitable table in front of the 14-by-16 
roentgenographic film. A vein in the an- 
tecubital region of the left arm is entered 
with the 18-gauge needle, which is attached 
to the plastic extension tube and the 20- 
c.c. syringe filled with 0.85 per cent NaCl. 
The needle is kept open by periodic in- 
jections of the saline. (2) For later compari- 


*Supplied by the National Gas Company, Medical Gas Divi- 
sion, Chicago, Ill. (tank type G, contents 3,200 gallons), 


son, a 6-foot roentgenogram may then be 
obtained before injection of carbon dioxide, 
but this is not absolutely necessary. Films 
are obtained in the anterior-posterior pro- 
jection during a moderately deep, briefly 
held inspiration. (3) The 50-c.c. or 100-c.c. 
syringe and attached three-way stopcock 
are then quickly tested for air tightness by 
attempting to move the syringe plunger 
while the sterile-gloved finger blocks the 
openings of the stopcock. Connection is 
then made to the tank of carbon dioxide, 
and the entire apparatus is ‘‘washed” 
several times with the carbon-dioxide gas 
by repeatedly filling and emptying the 
syringe. (4) The empty 50-c.c. or 100-c.c. 
gas syringe and the attachments that have 
been washed with the carbon dioxide are 
then connected by the stopcock to the 
plastic extension tube after removal of the 
20-c.c. syringe. (5) The x-ray technician is 
then alerted, the syringe filled with the 
desired amount of carbon dioxide, the stop- 
cock turned, and the gas injected intra- 
venously as rapidly as possible. We have 
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Fig. 2. Patient No. 1. Left: Teleoroentgenogram, showing markedly enlarged cardiac 
shadow and bilateral apical pulmonary infiltrates. Upper right: Preinjection film. 


Lower right: Postinjection film, showing bubble of carbon dioxide deep in the cardiac 
shadow (arrows). The right atrial band measures 41 mm. in width. 


Fig. 3. Patient No. 1. Left: Lateral decubitus, showing air in pericardial sac. The thick- 
ened pericardium measures 17 mm. in width. Right upper and lower: After injection of 
carbon dioxide at 4 and 8 seconds, respectively, showing air in pericardial sac, above, 
and carbon dioxide in right atrium and cavae, below. 
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used 50 to 100 c.c. of gas (approximately 
1 c.c. per kilogram) but have found that 50 
c.c. is usually suitable. (6) The postin- 
jection roentgenogram is then made. We 
obtained films immediately, 4 seconds, 8 
seconds, and 15 seconds after the comple- 
tion of the injection, but a single film at 4 
seconds has proved satisfactory. (7) The 
patient is then maintained in the left 
lateral decubitus position for at least 10 
minutes after the injection of the carbon 
dioxide, in order to insure complete absorp- 
tion of the gas from the right atrium. 

The entire operation requires only a few 
minutes. The procedure is useful, safe, 
simple, and causes no distress to the pa- 
tient. The noise of the gas entering the 
vein is clearly audible, and, with the steth- 
oscope, one may easily detect “‘gurgling”’ 
sounds due to the gas in the heart. 

To date the procedure has been employed 
36 times in 25 patients in this laboratory. 


Case reports 


Patient No. 1.S. R., a 49-year-old Negro man, 
was admitted to Charity Hospital with a history of 
several months of low-grade fever, malaise, and loss 
of weight. For 4 to 5 days prior to admission, there 
had been slight dyspnea and moderate pain in the 


lower substernal region of the chest. A teleoroent- 
genogram revealed a markedly enlarged heart 
shadow and bilateral apical pulmonary infiltration, 
more prominent on the right (Fig. 2). Shortly after 
admission a carbon-dioxide study showed a flattened 
gas bubble deep in the heart shadow (Fig. 2). Three 
days later a diagnostic pericardial paracentesis was 
done, and 200 to 300 c.c. of cloudy yellow fluid was 
removed, followed by instillation of 30 c.c. of air in 
the pericardial sac. A roentgenogram then revealed 
an air-fluid level below a thickened shaggy peri- 
cardium (Fig. 3). A repeat carbon-dioxide study was 
done and again showed the bubble of carbon dioxide 
deep in the heart shadow in the right atrium and 
venae cavae, plus the air bubble in the pericardial sac 
(Fig. 3). Subsequent cultures of the pericardial 
fluid were positive for tuberculosis. 

Patient No. 2. J. T., a 47-year-old Negro man, 
was admitted to Charity Hospital because of findings 
suggestive of right and left ventricular congestive 
failure and a definitely enlarging cardiac shadow on 
repeated outpatient chest x-ray films during the 
preceding year. He was a chronic alcoholic who gave 
a very unreliable history. There were records of 
several previous admissions for knife wounds of the 
chest; on one occasion 2 years previously this was 
associated with hemopericardium. The possibility 
of chronic pericarditis was raised, but subsequent 
carbon-dioxide study revealed a thin right atrial 
band with rounded, unflattened contour (Fig. 4). 

Patient No. 3. E. C., a 43-year-old Negro woman 
with a clinical diagnosis of postpartal myocarditis, 
had been followed up for the preceding 2 years. 
There had been repeated episodes with findings of 


Fig. 4. Patient No. 2. Left: Teleoroentgenogram, showing mild to moderate cardiomegaly. 
Upper right: Preinjection film. Lower right: Postinjection film, showing thin right atrial 
band (2-3 mm.) with rounded, unflattened contour. 
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Fig. 5. Patient No. 3. Upper: Preinjection film. 
Lower: Postinjection film, showing gas in right 
atrium, cavae, and right atrial appendage (arrows). 
The right atrial band at its inferior arc measured 4 
mm. 


left, but especially right, ventricular failure. Be- 
cause of a globular heart shadow on x-ray examina- 
tion, the possibility of pericardial effusion was raised. 
Carbon-dioxide study, however, revealed a normal 
right atrial band, compatible with myocardial dilata- 
tion rather than effusion (Fig. 5). The films were 
interesting in that gas trapped in the right atrial 
appendage could be identified. 

Patient No. 4. L. W., a 33-year-old Negro woman, 
was admitted to Charity Hospital with a 5-day 
history of fever, severe anterior chest pain, and dry 
hacking cough. The electrocardiogram was typical 
of acute pericarditis, and a teleoroentgenogram on 
admission revealed a moderately large heart shadow 
and bilateral slight pleural effusions (Fig. 6). A 
few days later, after 3 thoracenteses, little if any 
pleural fluids could be demonstrated roentgenograph- 
ically. Injection of carbon dioxide revealed a uni- 
form widening of the right atrial band (Fig. 6), 
suggestive of acute pericardial thickening, with little 
or no pericardial fluid. Nevertheless, since the eti- 
ological diagnosis was doubtful, several pericardial 
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paracenteses were attempted on two different oc- 
casions. No pericardial fluid was obtained even 
though the needle touched the left ventricular wall 
several times. The subsequent clinical course of the 
patient was compatible with subsiding acute peri- 
carditis. 

Patient No. 5. C. L., a 15-year-old white girl, 
was admitted to Charity Hospital in a terminal 
clinical state with long-standing uremia from chronic 
glomerulonephritis. A teleoroentgenogram revealed 
a moderately enlarged heart (Fig. 7). Injection of 
carbon dioxide showed a somewhat flattened gas 
bubble deep in the cardiac shadow (Fig. 7). In addi- 
tion, regurgitation of the gas into the hepatic veins 
was clearly demonstrated. Subsequent autopsy, 2 
weeks later, revealed slight to moderate thickening 
of the pericardium and a few hundred cubic centi- 
meters of pericardial fluid. 

Patient No. 6. W. R., a 54-year-old Negro man, 
is included in this series because of special interest 
only. He had a classic clinical picture of obstruction 
of the superior vena cava due to mediastinal malig- 
nancy. Injection of carbon dioxide outlined the 
dilated superior cava and located the site of ob- 
struction by the tumor mass (Fig. 8). 


Discussion 


The carbon-dioxide procedure is simple, 
quickly performed, and useful diagnostic- 
ally. The procedure is safe and free from 
gas embolism because carbon dioxide is 
20 times more soluble in blood than either 
oxygen or air. Even large doses of the gas 
(7.5 c.c. per kilogram) alter the carbon- 
dioxide content of blood by only 5 to 10 
volumes per cent, and this is quite transient 
(1 to 2 minutes).* Change in blood pH is 
negligible.** 

The carbon-dioxide cardiography pro- 
vides essentially the same information as 
angiocardiography with radiopaque media, 
and there are no allergic reactions from 
the former. Cardiac catheterization has 
been advocated to substantiate suspected 
cases of pericardial effusion, but this pro- 
cedure is much less practical and far more 
complicated and expensive. Injections of 
carbon dioxide may be employed safely 
and usefully in any institution with facili- 
ties for routine roentgenography. To date 
no adverse reactions to this procedure 
have been noted in this laboratory. 

At present the prime indication for this 
procedure appears to be in patients with 
suspected pericardial effusion, especially 
in those in whom differentiation from 
myocardial dilatation is in doubt. The 
procedure also appears to be of value in 
both acute and chronic pericarditis, with 
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Fig. 6. Patient No. 4. Left: Teleoroentgenogram on admission, showing enlarged cardiac 
shadow and bilateral small pleural effusion. Upper right: Preinjection film taken 
several days later. Lower right: Postinjection film, showing carbon dioxide in right 
atrium and uniform thickening of right atrial band, measuring 11 mm. in width. 


Fig. 7. Patient No. 5. Left: Teleoroentgenogram, showing enlarged cardiac shadow and 
calcified right paratracheal node. Upper right: Preinjection film. Lower right: Post- 
injection film, showing carbon dioxide deep in the cardiac shadow. Gas is noted to be 
regurgitating into hepatic veins. 
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Fig. 8. Patient No. 6. Upper: Preinjection film. 
Lower: Postinjection film, showing carbon-dioxide- 
filled superior vena cava (arrows) ending abruptly at 
mediastinal mass. 


or without effusion. It can assist in the 
study of some vascular disturbances, such 
as obstruction to large veins, e.g., the 
superior vena cava. It possibly could assist 
with the detection of tumors of the right 
atrium. With larger doses of carbon dioxide 
it may help delineate disturbances in the 
right ventricular outflow tract.’ Its value 
in man with intracardiac shunts and its 
value in the diagnosis of peripheral vascular 
lesions has yet to be demonstrated. 

There are few contraindications. There 
is a possible contraindication in patients 
with intracardiac shunts because of the 
danger of gas embolization to the brain or 
coronary arteries should the gas reach the 
left side of the circulation. It has been 
demonstrated, however, that quite large 
amounts of carbon dioxide may be in- 
jected into the left ventricle of dogs with no 
adverse effects.? This danger is extremely 
unlikely in man lying on his left side. Ap- 
propriate caution is advised in patients 
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with impaired mechanisms for carbon- 
dioxide excretion, such as in patients with 
far advanced pulmonary emphysema, be- 
cause of the danger of provoking severe 
carbon-dioxide narcosis.* 

One obvious contraindication exists in 
severely ill patients, such as patients with 
marked orthopnea who might be unable to 
maintain the left lateral decubitus position 
for the required length of time. 

A few precautions are necessary in addi- 
tion to those mentioned above. Of foremost 
importance is that pure carbon dioxide only 
be employed for injection. Some tanks of 
so-called hospital carbon dioxide contain 
significant amounts of oxygen. Purity of 
the gas should be thoroughly checked with 
the manufacturer or other responsible au- 
thorities. In one instance, gas supplied to 
this laboratory as ‘‘pure’’ carbon dioxide 
actually contained 4 per cent oxygen. As an 
extra precaution we have analyzed the 
gas from the tank ourselves before use. 

From observations in this laboratory and 
from those of others,'~> several ‘‘patterns”’ 
may be recognized roentgenographically 


CO, IN RIGHT 
ATRIUM 
te) LES 


CO, IN HEPATIC VEINS 


CO, IN RIGHT ATRIUM 
TRABECULAR PATTERN 
CO, IN RIGHT 

ATRIAL APPENDAGE 


Fig. 9. a, The normal right atrial band, as noted in 
Patients Nos. 2 and 3. b, The normal right atrial 
band plus carbon dioxide in right atrial appendage 
and in hepatic veins, as noted in Patients Nos. 3 
and 5, respectively. c, The very thick right atrial 
band with upper convexity of gas bubble. d, Mod- 
erate to marked flattening of right atrial band. e, 
The very thick right atrial band, also showing mod- 
erate to marked flattening, as noted in Patient 
No. 1. f and g, Asymmetrical widening of the right 
atrial band. h, Uniform thickening of the right atrial 
band, with upper convexity of the gas bubble, as 
noted in Patient No. 4. 
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after intravenous injection of carbon diox- 
ide. [t should be stressed, however, that 
our observations on patients with the 
diagnoses proved absolutely by operation 
or autopsy have been limited, and the 
initial impressions may have to be modified 
in the future. Fig. 9 demonstrates several 
of these patterns. 

The normal right atrial band. This band 
measures 5 mm. or less in width and is 
illustrated in Fig. 9,2. Patients Nos. 2 and 
3 in our series are examples of the normal. 
At times, gas may be seen in the right 
atrial appendage or in the hepatic veins 
(Fig. 9,0), as noted in Patient No. 3 and 
No. 5, respectively. As seen in other il- 
lustrations, gas may be also detected in the 
inferior and superior venae cavae. 

The very thick right atrial band, measuring 
greater than 20 mm. in width, with a rounded 
inferior border of the atrial band (Fig. 9,c). 
This is considered® to be diagnostic of at 
least some, but usually massive, pericardial 
effusion, with little if any chronic fibrotic 
pericardial change. 

Moderate to marked flattening or straighten- 
ing of the inferior surface of the right atrial 
band, with measurements less than 20 mm. 
(Fig. 9,d). This appears to be indicative of 
subacute or chronic pericardial thickening 
with diminished distensibility.*-> Super- 
imposed effusion might be present. 

Moderate to marked flattening or straighten- 
ing of the inferior surface of the right atrial 
band, with widening greater than 20 mm. 
(Fig. 9,e). This is suggestive of chronic 
pericardial thickening plus pericardial ef- 
fusion. This was demonstrated in Patient 
No. 1. It seems unlikely that acute or 
chronic pericardial thickening alone would 
result in widening of the atrial band to over 
20 mm. in the absence of effusion. 

Asymmetrical thickening of the right atrial 
band, measuring 5 to 20 mm. at its widest 
(Fig. 9,f and g). This is highly suggestive 
of pericardial effusion, with asymmetrical 
distribution of the fluid over the right 
atrium.® 

Uniform thickening of the right atrial 
band, measuring 5 to 20 mm. in width, with 


a rounded superior border of the gas bubble 
(Fig. 9,h). This is suggestive of acute 
pericardial thickening with little super- 
imposed effusion. This was present in Pa- 
tient No. 4. 

One note of caution in interpretation 
lies in the problem met with when a patient 
presents with a right pleural effusion. In 
such cases, when the patient lies in the left 
lateral decubitus position, pleural fluid may 
gravitate down over the right cardiac 
border and simulate intrapericardial fluid 
on the carbon-dioxide roentgenogram. Here 
one frequently must wait until the fluid 
disappears spontaneously or is removed 
after thoracentesis before proceeding with 
the carbon-dioxide study. 


Summary 


The use of intracardiac carbon dioxide 
in negative-contrast roentgenography as a 
diagnostic procedure in pericardial disease 
has been outlined. Its rationale, safety, 
indications, contraindications, precautions, 
and interpretative clues have been dis- 
cussed. It is a useful, safe, simple, and rapid 
procedure when properly employed. 
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The role of exercise tests in the 
diagnosis of coronary artery insufficiency 


Pulmonary and cardiac response to a 


treadmill work capacity test 


applicable to patients convalescing from 


acute myocardial infarction 


I. Forte, M.S.* 

J. H. Hafkenschiel, M.D. 

J. E. Schmitthenner, M.D.** 

H. Neal, M.D. 

E. A. Daugherty, M.D. 
Philadelphia, Pa. 


his study, using a treadmill walking 

test, was conducted to determine the 
per cent of recovery, and, hence, the re- 
producibility of an exercise period of 10 
minutes, repeated after 20 minutes of rest, 
in healthy but poorly conditioned volun- 
teer physician subjects. Because of the lack 
of information on cardiopulmonary param- 
eters in the early recovery period after 
myocardial infarction, this treadmill test 
was applied to a few patients in an attempt 
to ascertain whether testing these patients 
is feasible. The work load was kept constant 
by individualizing the treadmill belt speed 
for subjects of different weight. The electro- 
cardiographic response (CR leads) was con- 
tinuously monitored on the oscilloscope. 
This test was used to observe the pulmo- 
nary ventilation, heart rate, oxygen uptake, 


and the oxygen extracted from the inspired 
air during the exercise at a specific work 
load. 

Potgieter' has summarized an earlier 
study of subjects undergoing a treadmill 
exercise test in our laboratory. He reported 
the abnormalities of rhythm and S-T-seg- 
ment displacement that were observed 
when the electrocardiographic response to 
exercise was monitored continuously on an 
oscilloscope during treadmill walking. Since 
that time, further studies have been made 
in an attempt to clarify the limitations of 
this type of exercise test and the significance 
of the associated S-T-segment changes. 
These studies are a preliminary approach 
to a method of selecting patients who 
might be candidates for endarterectomy. 

A change in the electrocardiogram with 
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exercise in patients with angina pectoris 
was reported in 1931, by Wood and Wol- 
ferth.2 They raised the question whether 
the alterations in the electrocardiograms 
associated with the attacks of angina pec- 
toris were caused by the exercise, or by 
temporary myocardial ischemia or the 
changes in blood pressure and pulse rate 
which accompanied the attack in patients 
with coronary artery insufficiency. Al- 
though many studies have been made in 
the interim, much remains to be elucidated 
about the genesis of these electrocardio- 
graphic changes. Continuous monitoring of 
QRS-T complexes and observance of the 
changes from the resting observation dur- 
ing exercise gives no direct information on 
reductions either in coronary blood flow 
or myocardial oxygen tension, or increases 
in cardiac oxygen metabolism. 

We sought a test procedure which would 
allow us to make observations during a 
specific work load for each subject. Such a 
test, which if repeated either after a short 
rest period or on a later date, should keep 
the energy expenditure constant during the 
treadmill exercise. Having such a test pro- 
cedure, it was hoped that a method of 
measuring coronary blood flow other than 
by the nitrous-oxide method might be 
developed which could be applied to the 
patient during rest and repeated while the 
patient was in a “‘steady state’’ during 
exercise at the predetermined load. Such a 
method of measuring coronary blood flow 
during exercise which has advantages over 
the nitrous-oxide desaturation technique 
has not yet become available.*- 

The present report attempts to show the 
reproducibility of the test when used in 8 
healthy subjects with a double exercise 
period of 10 minutes. Because there is a 
“paucity of comprehensive studies of the 
hemodynamics after acute myocardial in- 
farction,’’® we also present an assessment 
of several cardiopulmonary parameters 
during exercise tests in 3 patients, con- 
ducted 6 weeks to 6 months after an episode 
of acute myocardial infarction. 

Methods 

The exercise load of Dr. Bruce’s tread- 
mill test? (10 per cent grade at 1.73 miles 


per hour for 10 minutes) was found to be 
tolerated by patients who were able to walk 
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1.5 to 2.0 miles daily in the hospital corri- 
dors, as measured by pedometers, while 
convalescing from the acute episode and 
before their discharge from the hospital. 

Essentially, the technique of the test was 
the same as that described by Bruce.7:8 
Potgieter was able to work out a method of 
eliminating alternating-current interference 
so that it was possible to obtain acceptable 
electrocardiographic tracings during exer- 
cise as well as a continuously depicted 
QRS-T complex on the Viso-Scope.* The 
physician responsible for the safety of the 
subject monitored the Viso-Scope through- 
out the experiment. The reports of Yu® 
and Longmire!’ indicate that this approach 
to evaluation of the electrocardiogram of 
the exercising patient was feasible in their 
laboratories. 

The protocol of the test is shown in 
Fig. 1. The healthy subjects, all volunteer 
males between the ages of 33 and 60 years, 
were tested at a work load of 370 kilogram- 
meters per minute for 10 minutes. After a 
20-minute rest period, the subjects under- 
went another 10 minutes of exercise at a 
work load of 370 kilogram-meters per 
minute. Individualization of the work load 
was made possible by using the nomogram 
(Fig. 2) designed by Potgieter for our tread- 
millf when set at a 10-degree elevation. 
The speed of the treadmill belt, needed to 
give the chosen work load, was selected 
according to the weight of the subject, and 
could be monitored by use of the tachom- 
eter on the treadmill. The belt speed 
could be adjusted over a range of 1.5 to 
4.0 miles per hour. 

The oxygen consumption was obtained 
by collecting the expired air in a Tissot 
spirometer and analyzing this sample for 
the oxygen content by the Scholander 
method.!! The remainder of the parameters 
were recorded as reported by Bruce,’'® 
with electrocardiographic recording as de- 
scribed by Yu.° 


Results 


The data obtained in the 8 subjects are 
shown in Fig. 3. These observations indicate 
that recovery to pre-exercise values in this 
group of 8 healthy male subjects tended to 
*Model No. 169, made by Sanborn Company, Waltham, Mass, 


tManufactured by W. E. Quinton Instrument Co., Seattle. 
Wash., and designated as Model No. 18-49. 


| 
| 


758 Forte, Hafkenschiel, Schmitthenner, Neal, and Daugherty 


| 
| 


HA 

RE 

OT. 
ECG 


| 
| 
| 
| 
| 
ro) 


5 MINUTE 10 MIN. 


2 A 8 
REST | <—— EXERCISE TEST ——> ! RECUPERATION 


(370 or 550 Kg.-meters/min.) 


Fig. 7. Abbreviations on the left-hand side of the 
figure: V, Pulmonary ventilation, liters per square 
meter per minute; H. R., heart rate; R. E., respira- 
tory efficiency (oxygen extracted from inspired air), 
volume per cent’; O. T., gross oxygen consumption, 
liters per minute; ECG, electrocardiogram; BP, 
blood pressure, millimeters of mercury; “C. O.”, 
calculated cardiac output utilizing pulse pressure 
and heart rate, liters per minute; “A-V”’, systemic 
arteriovenous oxygen difference based on Fick 
equation, cubic centimeters per 100 cubic centi- 
meters. The electrocardiogram was monitored 
throughout the exercise period. The other parameters 
were measured during the fifth and the sixth minutes 
of exercise. 


be completed within 15 to 20 minutes, two 
tests having been made on the same oc- 
casion. The work load was kept at 370 
Kg.M. by use of the nomogram mentioned 
above when exercise work was performed 
by these subjects. Tests done on two dif- 
ferent occasions on the same irdividual at 
the same work load showed acceptable 
reproducibility. 

The healthy ‘‘resting’’ male was found 
while standing alert to utilize 4.0 ml. of 
oxygen per kilogram of body weight per 
minute. Net mechanical efficiency was 
about 16 per cent, as had been reported by 
Dill and co-workers.” At this level of ef- 
ficiency the energy expenditure approxi- 
mates 100 kilogram-meters per minute. 
This represents the individual’s ‘‘ready 
for action”’ energy expenditure level. The 
work load used increased the total oxygen 
consumption 3 to 7 times above that of 
the ‘‘ready for action”’ level. 

Fig. 4 compares the average responses 
for 24 tests on 7 normal subjects with the 
average responses of 6 tests made on 3 
postmyocardial patients and with 6 tests 
on 3 patients with primary hypertension 
taking depressor drugs. These tests were 
carried on at varying work loads. The 
subjects with primary hypertension, being 
healthy, were better able to exercise for 10 
minutes at a higher work level, approximat- 
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ing that of the normal subjects, than were 
the postmyocardial infarction patients. 

The resting parameters are at about the 
same level except for: (1) narrowed pulse 
pressure of the postmyocardial infarction 
group, and (2) the higher but essentially 
top normal systolic and diastolic pressure 
levels of the hypertensive subjects before 
exercise. In the small series studied the 
outstanding changes are the increase in 
pulse pressure as well as heart rate at the 
higher work load in the hypertensive sub- 
jects. The postinfarction patients’ average 
increase in heart rate is greater than that 
of the normal subjects but less than that 
of the hypertensive patients. 


Comments 


These observations confirm the reports 
of Bruce, Welch and co-workers®" that 
the treadmill test is a stress that even post- 
myocardial infarction patients can tolerate 
without too much difficulty. With the in- 
creased work load used in these exercise 
tests the postinfarction patients showed an 


Individualization of exercise work 
Kilogram-Meter/ Min. 


Weight 


rs 2 25 3 35 M.P.H. 


3 A 5 6 ? & 9 10 MET/MIN. 
—— Speed of treadmill bel? 


Fig. 2. Individualization of exercise work in kilo- 
gram-meters per minute. This nomogram can be 
utilized to obtain the belt speed for the treadmill 
by relating the individual’s weight and work load. 
For a 70-kilogram man to work at 550 Kg.M./min. 
would require a belt speed setting of 2.9 miles 
per hour. 
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Fig. 3. Average responses of 8 normal subjects 
tested during 2 periods of treadmill exercise at 370 
Kg.M. work loads with a rest period between. 
Ventilation (V), liters per square meter per minute 
(L./Sq.M./min.); respiration rate (RR); heart rate 
(HR); respiratory efficiency (RE); carbon-dioxide 
(COz) production; gross oxygen consumption (0.T.), 
liters per minute (L./min.); blood pressure (BP), 
with top of bar representing systolic pressure and 
bottom of bar, diastolic pressure; pulse pressure 
(PP), millimeters of mercury; “cardiac output” 
(“C.0.”"), as the product of heart rate, pulse pressure 
and a factor (f), liters per minute; arteriovenous sys- 
temic oxygen difference (‘‘A-V”) as the quotient of 


total oxygen and “cardiac output” (a¢g>)- cubic 


centimeters per 100 cubic centimeters. 


augmentation of heart rate. Turell and 
Hellerstein® suggested that if the ‘pulse 
rate during effort exceeds 135-140 beats 
per minute’ during a double two-step test 
of a postinfarction patient, an abnormal 
response is indicated. All of our post- 
infarction patients tested at a work load 
over 200 Kg.M./min., usually between 370 
and 450 Kg.M./min., showed a heart rate 
during exercise of 136 or more beats per 
minute. 

Ford and Hellerstein! noted that in 
patients with arteriosclerotic heart disease 
the amount of oxygen extracted from the 
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inspired air (R.E.) is reduced. We also ob- 
served that, on the average, less oxygen 
was extracted from the inspired air in the 
postmyocardial infarction patients than in 
the other two groups tested. 

If an estimate of, or a first approxima- 
tion to, cardiac output (“C.O.”) can be 
derived from the product of pulse pressure 
(P.P.) and heart rate (H.R.), the trend for 
this small sample of hypertensive males is 
to have a higher product, or resultant, than 
either the normal subject or the postinfarc- 
tion patients during the treadmill walk, 
as shown at the top of Fig. 5. If the ratio 
of Total O» 

oxygen and cardiac output) represents 
systemic A-V difference (““A-V’’), then the 
pre-exercise level in the postinfarction 


(from the Fick equation for 
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25 


N 


Fig. 4. The effects of treadmill exercise on pulmonary 
ventilation (V), heart rate (HR), respiratory ef- 
ficiency (RE), gross oxygen consumption (0.7.), and 
blood pressure (BP), in normal subjects (J), 
postmyocardial infarction (PJ), and hypertensive 
patients (H). The unlined bars represent resting 
values; the wide-lined bars, 370-Kg.M. work load 
values; and the narrow-lined bars, 550-Kg.M. work 
load values. 
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Fig. 5. The effects of treadmill exercise on derived 
cardiac output (“C.0.”) and derived systemic 
arteriovenous oxygen difference (‘‘A-V”), in post- 
infarction patients (PJ), hypertensive patients (#), 
and normal subjects (NV). The unlined bars represent 
resting values; the wide-lined bars, 370-Kg.M. 
work load values; and the narrow lined bars, 550- 
Kg.M. work load values. 


patients, as shown in the lower part of 
Fig. 5, suggests that this “‘resting’’ A-V 
difference is essentially the same as that 
in the ‘‘normal’’ group and increases with 
exercise about as much as that in the nor- 
mal group tested. 

Between 300 and 600 kilogram-meters, 
all subjects on retesting showed a linear 
response of pulmonary ventilation, total 
oxygen consumption, and heart rate. When 
the work performed by the three groups of 
subjects is considered at a gross oxygen 
consumption of 1.5 liters, the results ir 
Fig. 6 suggest: (a) postinfarction patients 
had a faster heart rate and performed less 
work; (b) the amount of oxygen which 
they extracted (R.E.) from the expired air 
was less; (c) they were unable to increase 
pulse pressure; and (d) despite their in- 
creased heart rate, their derived cardiac 
output, ‘‘C.O.,”" increased about twofold, 
as in normal subjects. The effect of the in- 
creased work load (at the same total gross 
oxygen uptake) in the postinfarction pa- 
tients was to increase the systemic A-V 
oxygen difference, ‘“‘A-V.’’ This is to be 
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expected, since other studies have shown 
that certain organs extract more oxygen 
in order to meet the oxygen demands of 
the more active tissues, such as the heart 
and skeletal muscles, by encroaching upon 
the systemic venous oxygen reserve.*:!4-16 

From these experimental data, the only 
approach is an indirect one as to what 
might be happening with regard to the 
extraction of oxygen in the heart muscle.5:'6 
Severe changes in mean cardiac oxygen 
tension affect the myocardial electrical 
activity,!” and one would expect this to be 
reflected eventually in the contraction-to- 
contraction depiction of the QRS-T com- 
plex on the Viso-Scope. 

Potgieter observed that the S-T-segment 
changes do become apparent even at low 
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Fig. 6. Bar graph indicating, at the top, the work 
load in kilogram-meters per minute at a total oxygen 
consumption of 1.5 liters per minute for each of the 
three groups tested: N, normal subjects; PJ, post- 
myocardial infarction patients; and H, hypertensive 
patients. Below the work loads are: V, pulmonary 
ventilation, in liters per square meter per minute; 
HR, heart rate, beats per minute; RE, respiratory 
efficiency (oxygen extracted from inspired air), 
volume per cent; BP, blood pressure, millimeters 
of mercury, with S as the systolic reading and D, the 
diastolic value, with the unlined bars for the values 
at rest, and the stippled bars for the readings ob- 
served at work. ‘“‘C.O.” is the derived cardiac output 
in liters per minute obtained from the product of 
pulse pressure, heart rate, and a factor. (See text.) 
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work loads (200 Kg.M./min.) before the 
postinfarction patients complain of sub- 
sternal distress or bothersome breathing 
effort. Because this QRS-T change is con- 
sidered to be an unfavorable symbol of 
“coronary blood flow inadequacy” during 
exercise, tests on such patients were im- 
mediately terminated. 

In one of the postinfarction patients, 
after about 5 minutes of exercise at a lower 
work level (175-200 Kg.M./min.) and at 
a time when he had no substernal distress, 
a negative displacement of about 0.5 milli- 
volts was recorded, and the test was im- 
mediately terminated. No untoward reac- 
tion ensued. We have observed difficulties 
from day to day both in eliminating the 
alternating-current interference and in 
minimizing the artefacts of muscle tremor 
and expansion of the chest cage during 
exercise. This makes careful monitoring 
difficult. These difficulties make us wary 
of the use of this type of exercise test re- 
sponse in the selection of patients for 
endarterectomy as has been described by 
Kattus and associates.!° 

From these preliminary observations, we 
believe that further studies are indicated, 
as follows. 

A. Clinical investigation should assess 
the validity of recommendations for ac- 
tivity of postmyocardial infarction pa- 
tients by controlled treadmill work level 
tests. These tests might produce more 
rational advice as to the role of walking 
exercise in recovery from an acute myo- 
cardial infarction. 

1. Patients recovering from acute myo- 
cardial infarction, and with resting electro- 
cardiograms back to normal 6 weeks to 6 
months after the episode, might be as- 
sessed at work loads approaching 370 
Kg.M./min., if they can be taught to ac- 
custom themselves to lesser treadmill work. 

2. Using the “double work period” 
exercise test described originally by Foltz 
and co-workers,!® and applied here to the 
healthy subjects, might have advantages 
in testing the cardiopulmonary reserve and 
recuperative potential of the postmyocardial 
infarction patient 6 months or more after 
the acute episode. 

B. Patients with abnormal electrocardi- 
ograms persisting 6 weeks to 6 months 
after myocardial infarction must be even 
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more cautiously studied in order to deter- 
mine what is the most rational prescription 
of walking activity. 

C. The possible use of cinefluorography 
with such work tests (in an attempt to cor- 
relate any changes during the treadmill 
exercise in frontal surface area which was 
found to be normal at rest) might assist in 
the attempt to predict which convalescing 
infarction patients with persisting ab- 
normal electrocardiograms are most likely 
to go into the postinfarction congestive 
heart failure syndrome if ambulated too 
vigorously. 


Summary and conclusions 


1. Preliminary studies on 8 healthy 
male subjects show that the response of 
ventilation, oxygen uptake, and heart rate 
to treadmill exercise varying between 300 
and 600 kilogram-meters per minute is 
linear and reproducible. 

2. Patients recovering from an acute 
myocardial infarction, if able to be ambula- 
tory in the period 6 weeks to 6 months after 
the episode, have been observed to be able 
to tolerate an exercise work load of 370 
Kg.M./min. up to 10 minutes. Our studies 
of testing at these work levels in selected 
patients show that the treadmill walk can 
be performed without undue apprehension, 
excessive increases in heart rate, or marked 
S-T-segment displacement in the period 6 
weeks to 6 months after myocardial in- 
farction. 

3. Although the beat-to-beat recording 
of the electrocardiogram is not completely 
satisfactory during exercise, this seems to 
be as good an approximation to a measure- 
ment of coronary blood flow under these 
conditions as is presently available. The 
alternative is the use of the more cumber- 
some nitrous-oxide method as described 
initially by Bing, Kety, Eckenhoff, and 
Goodale. 
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Mi valvotomy is a well-established 


and common operation. It is usu- 
ally performed in adults, and reports of 
the operation in the younger age groups are 
scanty.'-* This may be explained by the 
fact that mitral stenosis is considered to be 
uncommon in children, and by the reluctance 
to operate on patients who might suffer 
from future attacks of rheumatic fever with 
possible restenosis of the mitral valve. 
This report deals with 13 patients who 
were between 9 and 16 years of age at the 
time of operation. 


Case reports 


Case 1. N. Y., a 10-year-old girl, born in Jertisa- 
lem, had suffered from cough and attacks of breath- 
lessness since the age of 9 years. Six weeks before 
hospitalization there was rapid progression of the 
dyspnea, hemoptysis occurred, and she was bed- 
ridden. There was no history of rheumatic fever. 
On admission there was cyanosis of the lips and 
fingers, severe dyspnea at rest, and congestion of the 
neck veins. The apex beat was palpable in the sixth 
intercostal space in the anterior axillary line. There 
was a right ventricular uplift, and at the apex a 
diastolic thrill and a rumbling diastolic murmur 
were detected. The mitral first and the pulmonic 
second sounds were accentuated. The edge of the 
liver was palpable 2 cm. below the costal margin. 
The pulse rate was 100 per minute, and the blood 
pressure was 105/75 mm. Hg. A chest x-ray film 
showed enlargement of the left atrium, the right 


ventricle, and the pulmonary arteries, with conges- 
tion of the lungs. The ECG showed notched and 
peaked P waves and right ventricular strain. The 
erythrocyte sedimentation rate was 16/44 mm. 

After the heart failure had been controlled with 
digitalis and diuretics, mitral valvotomy was per- 
formed.* The lungs were found to be edematous, 
and a mitral orifice of 8 mm. was palpated. The 
fibrotic commissures were split with difficulty, re- 
sulting in an opening of 20 mm. Rheumatic activity 
was not detected in the biopsy of the atrial ap- 
pendage. The postoperative course was smooth. 

Five years after operation she is symptom-free, 
and has no restriction of her everyday activities. 
She is not receiving drug therapy. 

Case 2. M. M., a 15-year-old boy, born in Morocco, 
arrived in Israel when he was 9 years old. The 
following year, on routine examination, a heart 
murmur was detected, but no history of rheumatic 
fever was elicited. When he was 12 years old, he 
suffered from pains in the joints and subfebrile 
pyrexia, and had an elevated erythrocyte sedi- 
mentation rate. Even after this attack he remained 
symptom-free, but at the age of 15 he was hospital- 
ized for evaluation of the cardiac condition, Ex- 
amination revealed a normally developed boy with 
slight cyanosis of the lips. A right ventricular uplift 
and a presystolic apical thrill were palpated. The 
first mitral and second pulmonic sounds were 
accentuated. A diastolic crescendo murmur and a 
short systolic murmur (Grade 1) were heard over the 
apex. The pulse was 78 and regular; the blood 
pressure was 100/70 mm. Hg. There were no signs 
of peripheral venous congestion. Routine laboratory 
tests gave findings within normal limits. Chest 
x-ray examination demonstrated enlargement of the 


From the Departments of Thoracic Surgery, Internal Medicine “B,’’ Pediatrics, and the Cardiovascular Unit, Hadassah 
University Hospital and Hebrew University-Hadassah Medical School, Jerusalem, Israel. 


Received for publication Nov. 30, 1960. 


*All the valvotomies were performed by Dr. Milwidsky. 
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Table |. Preoperative findings in 13 patients 


| 
| | Symptoms leading 


| Presence | 


| 
| Age at to operation | | 
Case | | time of | History of | | Grade of | of apical | 
num- | Sex| opera~ | rheumatic | incapaci-| systolic | X-ray findings | ECG 
ber | tion activity | Palpita- | | tation | murmur | | 
(yr.) | tions, | Hemop- | (grade) | | 
| | dyspnea | tysis | | 
10 ft LA+, RV+, PA+, pul- P+, RVS 
monary congestion 
2. M 15 + - - - 1 LA+, RV+, PA+, pul- P+ 
monary congestion 
16 Chorea +++ +++ LA+, RV++, PA+ P+ 
4. F 12 ++ ++ _ ++++ _ LA+, LV+, RV+, PA+ P+, RVS 
13 ++ + LA++, pulmonary RVS 
congestion 
6 M 9 ++++ 3 RV+ P+, RVS 
7. M 15 ++ tt? LA+, RV+, PA+, pul- P+, RVS 
monary congestion 
8. F 13 +? +++ + ++++ _ LA++, RV+, PA+ P+, RVS 
9 M 15 LA++, RV++, hemo- P+, RVS 
siderosis 
10. F 10 LA+, RV+, PA+ RVS 
11. M 14 3 LA++, LV+, RV+, LVS? 
PA+ 
12. F 14 + + - +? 2 LA+++, RV+, PA+, RVS 
LV+ 
13. F 16 ++ ++ - cea oaa 2 LA+, RV+, PA+ P+ 


P+: Notched, peaked, and/or enlarged P waves in standard leads. RVS: Right ventricular strain. 


left atrium, right ventricle, and pulmonary arteries, 
and congestion of the lung fields. The ECG re- 
vealed a mitral P. Direct puncture of the left atrium 
demonstrated a mean pressure of 26 mm. Hg. At 
operation, a mitral opening of 8 mm. was found. The 
cusps were fibrotic, particularly in the region of the 
posterior commissure. The commissures were split 
and a 20-mm. opening was realized. Histology of the 
left atrial appendage showed active and _ healed 
rheumatic activity. 

Five years after operation he is completely 
symptom-free. 

Case 3. R. L., a 16-year-old girl, born in Jerusalem, 
suffered from chorea at the age of 9 years, but was 
symptom-free until 3 months before hospitalization, 
when she began to suffer from severe dyspnea and 
palpitations on effort, and orthopnea. Clinical 
examination revealed a slightly cyanotic girl. The 
apex beat was palpable in the sixth intercostal 
space, and a diastolic thrill and murmur were found 
at the apex. The mitral first and the pulmonic 
second sounds were accentuated. The edge of the 
liver was palpable 4 cm. below the costal margin. 
The pulse was 80 and regular; the blood pressure 
was 95/60 mm. Hg. Chest x-ray examination 
showed enlargement of the left atrium, right ven- 
tricle, and pulmonary artery. The ECG showed 
notched P waves. 

After the patient had been treated with digitalis 
and antibiotics, mitral valvotomy was performed. 
The mitral orifice was 10 mm. in diameter, with 


thickened leaflets and fibrotic commissures. Only the 
anterior commissure was split, resulting in an 
opening of 25 mm. without production of regurgita- 
tion. Histology of the atrial appendage showed no 
rheumatic activity. The postoperative course was 
uneventful. Her exercise tolerance has definitely 
improved, and 4 years after operation she is working 
an 8-hour day as a seamstress. During the follow-up 
period, bilateral bronchiectasis has been detected, 
which has necessitated continuous prophylactic 
antibiotic therapy. 

Case 4. E. Z., a 12-year-old girl, born in Morocco, 
had been hospitalized several times during the 
5 years prior to the hospitalization now reported, 
because of recurrent attacks of rheumatic fever. 
During the last year she had been unable to attend 
school because of palpitations and dyspnea on effort. 
Physical examination showed an ill-nourished, cy- 
anosed girl, slightly dyspneic at rest. A tapping apex 
beat was located in the sixth intercostal space in the 
mid-clavicular line. A right ventricular uplift and an 
apical diastolic thrill were felt. The first mitral 
and the second pulmonic sounds were accentuated, 
and a rumbling diastolic murmur was heard over the 
apex. The edge of the liver was palpable 2 cm. 
below the costal margin. The pulse was 82 and regu- 
lar; the blood pressure was 90/70 mm. Hg. Chest 
x-ray examination demonstrated enlargement of the 
left atrium, both ventricles, and the pulmonary 
artery; the lungs were congested. The ECG showed 
notched and peaked P waves and right ventricular 


| 
| 
| 
| 
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strain. The erythrocyte sedimentation rate was 
15/29. Antistreptolysin-O titer was 40 units, and 
C-reactive protein was negative. 


After preparation with digitalis, diuretics, and 
antibiotics, mitral valvotomy was performed and a 
5-mm. orifice was split to 20 mm. Left atrial biopsy 
revealed active rheumatic myocarditis. The post- 
operative course was uneventful, and 4% years after 
operation she is completely symptom-free and lead- 
ing a normal active life. 

Case 5. S. E., a 13-year-old girl, born in Iraq, 
had been hospitalized 4 times since the age of 8 
years because of recurrent attacks of rheumatic 
fever. Since the age of 12 she had suffered from 
progressive shortness of breath on effort, and this, 
together with signs of smouldering rheumatic 
activity, was the reason for this fifth admission to 
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hospital. Examination revealed a_ well-developed 
girl with venous pulsation in the neck. The apex 
beat was palpable 2 cm. outside the mid-clavicular 
line in the fifth intercostal space. A diastolic apical 
thrill was felt. Auscultation revealed accentuated 
first mitral and second pulmonic sounds, and an 
apical diastolic murmur. There were no signs of 
peripheral venous congestion. The pulse rate was 
80 per minute, and the blood pressure was 90/45 
mm. Hg. Routine laboratory tests gave findings 
within normal limits. A chest x-ray film indicated 
enlargement of the heart, mainly of the left atrium, 
and engorgement of the pulmonary vasculature. 
The ECG showed right ventricular strain. Catheteri- 
zation of the right heart revealed markedly elevated 
pressures. After she had been treated with steroids, 
digitalis, and diuretics, mitral valvotomy was 


Table 11. Hemodynamic data in 7 patients preoperatively 


| Right ventricular pressure 


Case | Right atrial (mm. Hg) 


Pulmonary arterial pressure 


| 
| 


| Wedge pres-| Left atrial 


sure—Mean 


(mm. Hg) 


num- | pressure— | pressure— 
ber Mean | | | | | | (mm. Hg) Mean. 
(mm. Hg) | Systolic | Diastolic | Mean Systolic | Diastolic | Mean (mm. Hg) 
| | | | | 
— — — — — 26 
é 3 70 2 32 75 35 50 20 — 
6. — — — — — — — — 31 
7. 7 50 5 20 46 26 30 24 
9. 5 84 4 47 87 38 57 25 — 
11. — —_— — — — — — 33 
13. 9 42 8 20 50 25 38 20 
Table III. Operative findings and postoperative course in 13 patients 
| | 
| Left atrial | 
Case | | biopsy | Postcom- | | 
num- | Size of opening and | findings of | missurot- | faltoe: up | Operative Remarks 
ber | condition of valve | rheumatic | omy period | results 
| activity | syndrome (yr.) 
1. 8 mm., fibrotic - - 5 Very good — 
2. 8 mm., fibrotic + _ 5 Remains symp- — 
tom-free 
3. 10 mm., fibrotic 44 Very good Bronchiectasis 
4 5 mm., fibrotic + _ 414 Very good — 
5. 10 mm., elastic + 4 Very good — 
6. 15 mm., regurgitation+ + _ ? ? Lost to follow-up 
7 5 mm., calcified 21% Good Fibrillating 
8 5 mm., calcified - = 2 Good — 
9. 12 mm., calcified, regurgi- + - 2 Improved Recatheterized 
tation+ 
10. 10 mm., severely deformed, 2 Good 
fibrotic 
11. 20 mm., regurgitation+++ + + 2 Unchanged — 
12. 15 mm., fibrotic, severely de- - + 1 Unimproved Fibrillating 
formed, regurgitation++ 
13. 12 mm., fibrotic, 1 Good — 


regurgitation+ 
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performed. An elastic valve was palpated, with a 
10-mm. opening; this was split to 25 mm. The 
biopsy of the left atrial appendage showed rheumatic 
activity. The postoperative course was smooth. 

Four years after operation she is symptom-free. 
She has had no further attacks of rheumatic fever. 

Case 6. L. B., a 9-year-old boy, on his arrival in 
Israel from Russia was immediately admitted to 
hospital because of congestive cardiac failure. When 
he was 7 years old, he had had active rheumatic 
fever, and was told that he had a heart lesion. On 
admission he was found to be dyspneic at rest, with 
engorgement of the neck veins. A heaving apex beat 
was located in the fifth intercostal space 2 cm. 
outside the mid-clavicular line. A right ventricular 
uplift was palpable. The mitral first and pulmonic 
second sounds were accentuated. At the apex a 
Grade 3 blowing systolic murmur, transmitted to 
the axilla, and a late diastolic rumble were heard. 
A tender edge of the liver was palpable 9 cm. below 
the right costal margin. Chest x-ray examination 
revealed enlargement of the heart in all directions, 
more pronounced to the right. The ECG showed 
notched and peaked P waves and right ventricular 
strain. Left atrial puncture showed a mean pressure 
of 31 mm. Hg. 

After prolonged treatment of the boy with digitalis 
and diuretics the cardiac failure improved, and the 
operation was performed. Digital exploration of the 
mitral valve revealed an orifice 15 mm. in diameter, 
with marked regurgitation. After complete anterior 
commissurotomy and partial posterior commissur- 
otomy, an opening of 25 to 30 cm. was achieved. 
The regurgitation was unaltered. Histology of the 
left atrial appendage showed rheumatic activity. 

Follow-up 2 months later showed improvement, 
since when he has been lost to follow-up. 

Case 7. G. Z., a 15-year-old boy, born in Jerusa- 
lem, had suffered from recurrent epistaxis for many 
years. A heart murmur was detected when he was 
11 years old, and since the age of 14 he had suffered 
from palpitations and dyspnea on effort. Two 
months before hospitalization he coughed blood, 
and therafter had fever. Three weeks later he 
suffered a recurrence of these symptoms, and 8 
weeks later he was admitted to hospital after a 
hemoptysis of one pint of blood. Clinical examination 
revealed a tall, thin, pale boy, well developed for 
his age. There was marked engorgement of the neck 
veins. A slightly heaving apex beat was palpable in 
the fifth left intercostal space in the mid-clavicular 
line. A right ventricular uplift and an apical pre- 
systolic thrill were palpated. The mitral first and 
pulmonary second sounds were accentuated; an 
opening snap and a rumbling diastolic murmur 
were heard at the apex. The pulse was 100 and 
regular; the blood pressure was 90/70 mm. Hg. 
Crepitations were heard over both lung bases. The 
edge of the liver was palpable 4 cm. below the costal 
margin, and the tip of the spleen was palpable. 
There was no peripheral edema. Chest x-ray ex- 
amination indicated enlargement of the right heart, 
left atrium, and pulmonary arteries, and pulmonary 
congestion. The ECG showed enlarged, peaked P 
waves and right ventricular strain. Catheterization 
revealed moderately elevated right heart and 
pulmonary pressures. After he had been treated with 
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digitalis, diuretics, and antibiotics, mitral com- 
missurotomy was performed. At operation the 
lungs were found to be edematous, and the pulmo- 
nary artery was huge. The opening was 5 mm., and 
was split by finger fracture to 25-30 mm. Because 
he had difficulty in breathing during the immediate 
postoperative period, a tracheotomy was performed. 
Subsequently, his recovery was uneventful. His- 
tology of the left atrial appendage showed no evi- 
dence of rheumatic fever. 

Twenty months after operation, when he was 
practically symptom-free, a keloid of his trache- 
otomy scar was excised under local anesthesia. 
During this procedure, atrial fibrillation occurred 
which has resisted conversion. He is at present 
employed as a laboratory assistant and is working an 
8-hour day without difficulty. 

Case 8. C. Z., the 12-year-old sister of the pre- 
vious patient, was hospitalized because of a heart 
murmur which was discovered on routine physical 
examination at school. No rheumatic history was 
elicited, and she denied restriction of her activities. 
Physical examination revealed an underdeveloped 
child with congestion of the neck veins and a pre- 
cordial bulge. A right ventricular uplift was palpable, 
and there was an apical diastolic thrill and murmur. 
The first mitral and the second pulmonic sounds were 
accentuated. There were no signs of peripheral 
venous congestion. The pulse was 80 and regular; 
blood pressure was 100/60 mm. Hg. The erythrocyte 
sedimentation rate was 8/25. Chest x-ray examina- 
tion showed a very large left atrium and a moderate 
enlargement of the right ventricle and pulmonary 
arteries. The ECG showed peaked P waves and 
right ventricular strain. 

Because of the unequivocal clinical diagnosis of 
mitral stenosis associated with the advanced x-ray 
and ECG changes, valvotomy was advised. The 
family, however, did not consent. During the ensuing 
18 months, palpitations and dyspnea on effort 
occurred, and she suffered a febrile episode as- 
sociated with hemoptysis. Because her symptoms 
progressed rapidly (she developed dyspnea at rest), 
and after the successful valvotomy of her brother, 
the family agreed to operation. Mitral valvotomy 
was performed despite an erythrocyte sedimentation 
rate of 111/135 and a sleeping pulse rate of 100. 
At operation the lungs were edematous and the 
mitral valve leaflets were fibrotic and calcified, 
with a 5-mm. orifice. The rigid commissures were 
difficult to split even with a knife, but a 20-mm. 
orifice was achieved. Histology of the atrial ap- 
pendage showed no rheumatic activity. 

The postoperative course was smooth, and 2 years 
after operation she is practically symptom-free 
for everyday activities, but does tire after forceful 
effort. 

Case 9. Massive hemoptysis, fever, and cough 
brought A. F., a 15-year-old boy, to hospital a 
month after his arrival in Israel from Morocco. 
He gave a 3-year history of palpitations and dyspnea 
on effort which were aggravated by influenza a 
month before admission. Physical examination re- 
vealed a very pale, thin boy with slight venous 
engorgement in his neck. A marked right ventricular 
uplift and an apical presystolic thrill were palpated. 
The mitral first and pulmonic second sounds were 


al 


Volume 


Numbe: 


accentuated. A diastolic rumble was heard over the 
apex. The edge of the liver was palpable 2 cm. below 
the costal margin. The pulse was 104, regular, and 
the blood pressure was 120/80 mm. Hg. Chest 
x-ray examination showed marked enlargement of 
the left atrium and the right ventricle and hemo- 
siderosis of the lungs. Kerley lines were visible 
at both lung bases. The ECG showed tall P waves 
and right ventricular strain. Right heart catheteri- 
zation revealed markedly elevated pressures. During 
a 5-month period of hospitalization he suffered 
from recurrent attacks of massive pulmonary hemor- 
rhage, which caused fever and marked aggravation 
of his condition. After his general condition had*® 
improved, he was operated on. His lungs were 
extremely congested, and a mitral opening of 12 
mm. was found, together with a mild regurgitant 
jet. The commissures were rigid and calcified, and 
the leaflets were fibrotic. Commissurotomy achieved 
a 25-mm. orifice without increasing the regurgita- 
tion. Histology of the left atrial appendage showed 
rheumatic activity. The postoperative course was 
complicated by a period of atrial fibrillation, which, 
however, was converted to sinus rhythm. 

Two months after operation he had a slight 
hemoptysis, but during the following 22 months he 
remained well and was very much improved sub- 
jectively. 

Two years after the operation he again had 
hemoptysis, and he was recatheterized. The pul- 
monary arterial pressure was now 49/22, mean 33, 
mm. Hg. 

Case 10. H. R., a 10-year-old girl, born in Rumania, 
was hospitalized because of palpitations and dysp- 
nea on effort, as well as general fatigue. She gave no 
history of rheumatic fever. Clinical examination 
showed a well-developed, acyanotic child not dysp- 
neic in bed. There was a slight venous engorgement 
and pulsation in the neck. The heart was not 
enlarged. A marked right ventricular uplift and a 
presystolic apical thrill were palpated. The apical 
first sound was accentuated, and an opening snap 
was heard. The pulmonary second sound was 
accentuated and split. A presystolic rumble was 
heard over the apex. There were no signs of periph- 
eral venous congestion. All laboratory tests gave 
findings within normal limits, including C-reactive 
protein and antistreptolysin-O titer. A chest x-ray 
film showed enlargement of the left atrium, right 
ventricle, and pulmonary arteries. The ECG in- 
dicated right ventricular strain. At operation the 
free edges of the mitral valve leaflets were found to be 
fibrotic, and the anterior commissure was severely 
deformed. The orifice was 10 mm. in diameter, and 
was split with difficulty to an opening of 25 mm. 
Histopathology of the left atrial appendage showed 
active rheumatic endocarditis. 

_ Two years postoperatively she is very much 
improved. 

Case 11. On routine examination, O. L., a 14- 
year-old boy, born in Iran, was found to have a 
heart murmur. He denied any limitation of activity 
or any other symptoms. No rheumatic history was 
elicited. Examination revealed a_ well-developed 
boy. The apex beat was slightly heaving in character, 
but was located within the mid-clavicular line. 
A systolic thrill was palpable at the apex. The 
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mitral first and pulmonic second sounds were 
accentuated. A harsh systolic murmur with maxi- 
mum intensity at the apex and a rumbling apical 
diastolic murmur were heard. The pulse rate was 
76 per minute and regular; the blood pressure was 
120/75 mm. Hg. Laboratory tests gave findings 
within normal limits. Chest x-ray examination 
showed enlargement of both ventricles, a large left 
atrium, and prominent pulmonary arteries. The 
ECG suggested left ventricular strain. Left atrial 
puncture showed a mean pressure of 33 mm. Hg, 
and the a-c and v waves were of equal height. 
Operation was decided upon because of the as- 
sumption that the stenosis of the mitral valve was 
the predominant lesion. At operation a _ mitral 
valve opening of 20 mm. was found, with a marked 
regurgitant jet, mainly from the posterior com- 
missure. The anterior commissure was split, giving 
an opening of 25 mm. without increasing the re- 
gurgitation. The left atrial biopsy revealed active 
rheumatic endocarditis. 

Nine months after operation he was readmitted 
because of symptoms suggesting postcommissur- 
otomy syndrome. He improved without specific 
treatment. Two years after operation he is symptom- 
free, as he was preoperatively. 

Case 12. S. M., a 14-year-old girl, born in Iraq, 
had suffered for many years from recurrent ton- 
sillitis. Four years prior to admission she had had 
one attack of acute rheumatic fever. For 2 years 
before admission she had had dyspnea and palpita- 
tions on moderate effort, and she had suffered 
from orthopnea. Examination on admission demon- 
strated a well-developed girl, not dyspneic at rest. 
The apex beat was diffuse and heaving, and located 
in the sixth intercostal space, 1 cm. outside the 
mid-clavicular line. A right ventricular heave and an 
apical diastolic thrill were palpable. The apical 
first and pulmonic second sounds were accentuated. 
A Grade 2 blowing systolic murmur and a rumbling 
diastolic murmur were heard over the apex, and a 
loud Grade 2 systolic murmur was heard over the 
pulmonic area. The edges of the liver and spleen 
were just palpable. There were no signs of peripheral 
venous congestion. The pulse was 90 and regular; 
blood pressure was 115/75 mm. Hg. Routine labora- 
tory tests included erythrocyte sedimentation rate, 
antistreptolysin-O titer, and C-reactive protein, 
and the findings were within normal limits. Chest 
X-ray examination demonstrated a giant left atrium 
and moderate enlargement of both ventricles and the 
pulmonary artery. The ECG showed right ventricu- 
lar strain. 

Although the clinical diagnosis of some degree of 
mitral incompetence was well established, it was 
thought that relief of the mitral stenosis would 
improve her condition. At operation the mitral 
valve was found to be severely fibrotic and deformed. 
The mitral opening was 15 mm. in diameter, and a 
marked regurgitant jet was felt. The anterior 
commissure was completely split, but the short 
posterior commissure was untouched. An opening 
of 25 mm. was attained without increasing the 
regurgitation. Atrial fibrillation occurred immed- 
iately after opening the chest and persisted. Biopsy 
of the left atrial appendage showed no rheumatic 
activity. The postoperative course was smooth, 
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Six weeks after operation she was hospitalized 
because of the clinical picture of postcommis- 
surotomy syndrome, and 6 months later an un- 
successful attempt was made to convert the atrial 
fibrillation. Her condition remains unimproved. 

Case 13. S. Y., a 16-year-old girl, born in Iraq, 
emigrated to Israel at the age of 8 years. During 
her early childhood she had had numerous bouts 
of tonsillitis, usually accompanied by fever. Since 
the age of 7 years she had experienced dyspnea and 
palpitations on effort. At the age of 14 she was 
hospitalized for rheumatic fever. During this ad- 
mission, right heart catheterization revealed mod- 
erately elevated pressures. After this she suffered 
from intermittent bouts of arthralgia which neces- 
sitated hospitalization twice, and for which she 
received salicylate and corticosteroid therapy. Be- 
cause her incapacity increased and her arthralgia 
continued, she was once again admitted to hospital 
for evaluation for operation. Physical examination 
revealed a well-developed girl. A presystolic thrill 
was palpable at the apex. The mitral first and 
pulmonic second sounds were accentuated. A pre- 
systolic crescendo murmur and a blowing systolic 
murmur (Grade 2) were detected at the apex. The 
edge of the liver was palpable 2 cm. below the costal 
margin. The erythrocyte sedimentation rate was 
36/72. Antistreptolysin-O titer and C-reactive pro- 
tein were within normal limits. The ECG revealed 
notched P waves. X-ray examination demonstrated 
enlargement of the left atrium, right ventricle, and 
pulmonary artery. After preparation with corti- 
costeroids she was operated upon. A moderate 
regurgitant jet was palpated, and the 12-mm. 
stenosed fibrotic mitral valve was split to 25 mm. 
without apparent increase of the regurgitation. 
Biopsy of the atrial appendage showed no signs of 
active rheumatism. 

One year after operation, on limited activity, her 
condition is satisfactory, and she has had no rheu- 
matic exacerbation. 


Discussion 


The 13 cases described in the foregoing 
section constitute 7.5 per cent of the mitral 
valvotomies performed in our service. This 
is an unusually high incidence. Angelino 
and associates,’ who advocate commis- 
surotomy in children and adolescents in 
selected cases, report on 11 operations per- 
formed in this age group, out of a total of 
600 valvotomies. Glover,’ in a series of 
1,500 cases of mitral valvular disease, found 
valvotomy indicated in less than a dozen 
instances in patients under the age of 18 
years. Bailey and Bolton,® in a series of 
1,000 commissurotomies, report on only 13 
patients under the age of 20 years. They 
record the youngest patient operated on 
for rheumatic mitral stenosis—a 414-year- 
old girl. The prevalence of mitral stenosis 
in the young reported here may be ex- 
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plained by the high incidence of rheumatic 
fever in Israeli children,’ particularly in 
Jerusalem.* Eight of our children were 
either born in Jerusalem or lived there from 
an early age. The records of the pediatric 
department of this hospital show that the 
first attack of rheumatic fever occurred 
below the age of 5 years in 20 per cent of 
122 patients hospitalized for this disease, 
contrary to the generally accepted obser- 
«vation that rheumatic fever is rarely seen 
below the age of 6 years.* This very early 
appearance of rheumatic fever may account 
for the relatively early occurrence of valvu- 
lar damage in our population. 

The clinical picture presented by the 13 
children was very similar to that seen in 
adults. Palpitations and difficulties in 
breathing were the presenting symptoms in 
nearly all cases. In addition, 5 patients pre- 
sented with hemoptysis, which was massive 
in 2 cases (Cases 7 and 9). In these 2 pa- 
tients the bleeding resembled the “ paroxys- 
mal pulmonary hemorrhage’’ described by 
Oppenheimer and Schwartz,'® in 1933, and 
later called ‘‘pulmonary apoplexy” by 
Wood." A striking feature was the severe, 
rapidly developing incapacitation suffered 
by 7 of the children. Despite the absence of 
confirmatory laboratory tests, their rapid 
deterioration was suggestive of continuous 
rheumatic activity; but in only 3 of these 
patients were Aschoff bodies found in the 
left atrial appendage. There were 4 other 
patients who had positive left atrial biop- 
sies, and in these there was neither clinical 
nor laboratory evidence of rheumatic ac- 
tivity. In 4 patients, right heart catheteri- 
zation was performed preoperatively, and 
elevation of the pulmonary arterial pressure 
was determined. Because of suspected con- 
comitant mitral incompetence, direct left 
atrial puncture was performed in 3 children, 
and the mean atrial pressure was found to 
be between 26 and 33 mm. Hg. Even in the 
symptom-free patients, marked x-ray and 
electrocardiographic changes were evident. 

When clinical symptoms and/or hemo- 
dynamic changes of mitral stenosis are pro- 
gressive, we believe that the presence of 
rheumatic activity does not contraindicate 
mitral valvotomy in selected cases, even in 
young children. Two patients (Cases 5 and 
13) suffered recurrences of clinical rheu- 
matic activity during a period of 5 years, 
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despite prophylactic penicillin therapy. 
Both were operated on during a phase of 
clinically low-grade activity, after prepara- 
tion with steroids. During a postoperative 
period of 4 and 1 years, respectively, neither 
patient has had rheumatic flare-up, and 
both have been symptom-free. This tends 
to support the opinion of Bradlow and 
Crawshaw? that mitral stenosis in itself 
may be a more dangerous condition than 
rheumatic fever. The severe valvular de- 
formity, fibrosis, and calcification found in 
these children at operation suggest that the 
pathophysiologic changes which occur in 
children are in no way different from those 
in adults, and may occur after only a few 
years of illness. 

The patients were followed up regularly 
once in 6 months; a history was obtained, 
physical and chest x-ray examinations 
were performed, and an electrocardiogram 
was recorded. In the 12 patients whom we 
have been able to follow up, we have no 
evidence of reactivation, exacerbation, or 
aggravation of the rheumatic activity. All 
have been kept on prophylactic penicillin 
therapy. Two patients (Cases 11 and 12) 
presented the postcommissurotomy syn- 
drome, a condition not proved to be of 
rheumatic origin." The incidence of this 
syndrome was about the same among the 
children as among the adults operated on in 
our hospital.!* No restenosis has occurred 
during a follow-up period of up to 5 years. 
The postoperative course of these children 
was usually smooth, and there was no 
mortality. It was most gratifying to observe 
the rapid physical and mental development 
of most of the children after operation, 
particularly since some were underdevel- 
oped preoperatively. Two patients with 
regular rhythm before the operation now 
have fibrillation, which has resisted all 
attempts at conversion. 


Summary 


Report is made of 13 children between 
the ages of 9 and 16 years who underwent 
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mitral valvotomy. The clinical, hemody- 
namic, and pathologic findings were the 
same as those in adults. The operative 
results were satisfactory; 9 children showed 
definite clinical improvement. No rheu- 
matic reactivation or restenosis has oc- 
curred during a follow-up period of 1 to 
5 years. 

In our opinion, progressive mitral stenosis 
should be relieved surgically, whatever the 
age of the patient. 
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Experimental 


and laboratory reports 


Acute circulatory effects of arterial bleeding 
as determined by indicator-dilution curves 


in normal human subjects 


Lewis A. Ralston, M.D. 

Leonard A. Cobb, M.D. 

Robert A. Bruce, M.D. 
Seattle, Wash. 


lood volume is recognized as an im- 
portant factor in cardiac regulation. 
In oligemic shock, cardiac output is clearly 
reduced.! Acute expansion of plasma volume 
in normal human beings and in patients 
with mitral stenosis elevates cardiac output 
and stroke volume.? However, previous 
studies of cardiac output, utilizing the 
Fick principle and an assumed steady 
state, have shown conflicting results after 
venesection in man. After removal of 420 
ml. of blood, McMichael and Sharpy- 
Schafer* reported considerable reduction 
in cardiac output. Warren and colleagues,’ 
however, failed to demonstrate significant 
acute changes in blood flow after depletion 
of blood volume ‘by 300 to 900 ml. in 12 
normal men. Cardiac output, as approxi- 
mated by the ballistocardiogram, showed 
little variation after a phlebotomy of 500 
ml., but a significant fall was noted when 
1 liter of blood was removed.® In the an- 
esthetized dog, hemorrhage is accompanied 
by a transient fall in cardiac output and 
stroke volume.*-® 
The distribution of blood volume is 
probably of significance in the regulation 
of cardiac output. Sjéstrand® has proposed 
the concept of a depot in the pulmonary 


circulation which can be mobilized to 
increase stroke volume and cardiac output 
in response to systemic demands. The 
hemodynamic effects of postural changes 
in human beings may be explained in 
part by the influence of gravity on the 
‘“‘central blood volume’’ (CBV).!° 

Since hemodynamic responses to deple- 
tion of blood volume in man have not 
been clearly established, the acute circula- 
tory effects of arterial bleeding in normal 
subjects were investigated. An indicator- 
dilution technique was used to measure 
cardiac output, since this minimized the 
requirements for a steady state, and also 
afforded some insight into the distribution 
of blood volume. 


Material and methods 


Nineteen male volunteers, who ranged 
in age between 21 and 33 years, served as 
subjects. All of them were normal by 
history, physical, chest x-ray, and electro- 
cardiographic examinations. Studies were 
performed while the subjects were lying 
supine and breathing room air. No pre- 
medication was given. A No. 6 or 7 cardiac 
catheter was introduced into the right 
atrium via a right antecubital vein. A No. 
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Numbe: | 


m Mean Arterial Pressure (mm. Hg) X 1,332 X 60 


(1) TSR (dynes sec. cm.~) 


17T Cournand needle was placed in the 
left brachial artery. 

With a calibrated syringe, 15 mg. of 
Evans blue dye* was rapidly injected into 
the right atrium via the catheter. Samples 
of arterial blood were collected in 10-by-75- 
mm. glass tubes which contained a few 
granules of dried heparin. These tubes 
were placed upright in a motor-driven 
collecting device, adjusted so that each 
tube sampled arterial blood for 2 seconds. 
A sample of arterial blood was collected 
10 minutes after the injection of the dye 
for estimation of plasma volume. An elec- 
trocardiogram was recorded during each 
dye curve. 

By means of the arterial cannula, 7 or 8 
ml. of blood per kilogram of body weight 
were withdrawn in about 8 minutes. The 
blood was collected in standard vacuum 
donor bottles which contained 120 ml. of 
A-C-D Solution ‘‘B” anticoagulant.t A 
second indicator-dilution curve was ob- 
tained immediately after the arteriotomy 
in the manner described above. The blood 
was replaced at the termination of the 
procedure. 

Right atrial and brachial arterial pres- 
sures were recorded immediately after each 
dye curve, by means of Statham P23D 
strain-gauge transducers and a direct-writ- 
ing Sanborn recorder. The “‘zero’’ reference 
point was taken to be 10 cm. anterior to 
the spine. Mean pressures were determined 
planimetrically from their phasic records. 

Samples of blood were centrifuged at 
2,260 G. for 30 minutes. Optical densities of 
undiluted plasma in microcuvettes were 
read twice at 620 millimicrons in a Beck- 
man Model DU spectrophotometer. Indi- 
cator-dilution curves were constructed from 
the plasma concentration of Evans blue 
dye and plotted on semilogarithmic graph 
paper. Cardiac output, mean transit time, 
and CBV were calculated by the Hamilton 
method as modified by Lilienfield and 
Kovack." The mean transit time from the 
right atrium to brachial artery was de- 
termined by substracting the transit time 


*Warner-Chilcott Laboratories. 
tCutter Laboratories, 


Cardiac Output (L./min.) 


of the collecting catheter from the cal- 
culated mean transit time of the dye curve. 
The total systemic resistance was calculated 
from Equation 1 (top of page). 

Changes in the variables were statistically 
analyzed by the student-t test. Correla- 
tion coefficients were obtained on all data, 
by means of an IBM-650 digital computer. 


Results 


The measured and calculated data ob- 
tained before and immediately after arterial 
bleeding of 460 to 900 ml. are presented in 
Table I and Fig. 1; correlation coefficients 
are shown in Tables II and III. 

1. Changes in volume and distribution. 
Initially, the average CBV was 1,567 ml., 
or 26.2 per cent of the average total blood 
volume. Immediately after bleeding there 
was a small, but significant (p = .004) 
reduction in CBV to 1,455 ml. Since the 
latter volume amounted to 27 per cent of 
the total blood volume, there was no gross 


T.BV. p<0.00! 


C.0. p<0.00l 
S.V. p<0.00I 
C.B.V. p<0.004 
H.R. p>O7 

MTT p=0O.l 

RAP. p<0.00! 
BAP. p=0.05 
T.SR. p=0.03 
Het. p=0,.00! 


-50 -40 -30 +10 +20 
Percent change 


R.A.P. 
B.AP. 
oO 10 


Pressure changes (mm. Hg.) 


Fig. 1. Changes after bleeding, expressed as per cent 
change (above) and mm. Hg (below). T.B.V.: Total 
blood volume. C.O.: Cardiac output. S.V.: Stroke 
volume. C.B.V.: Central blood volume. H.R.: 
Heart rate. M.T.T.: Mean transit time. R.A.P.: 
Right atrial pressure. B.A.P.: Brachial arterial 
pressure. 7.S.R.: Total systemic resistance. Het.: 
Hematocrit. 
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Table |. Hemodynamic data before and after arteriotomy 


| 


| Mean Mean Total 
Total Cardiac | Heart | Stroke | Mean | Centra!| Arterial | right brachial | systemic 
Subject blood output | rate | volume | transit | blood | hemato- atrial arterial | resistance 
(BSA-M.?) | volume* | (L./min.)| (beats/ | (mil.) | time | volume cril pressure | pressure \(dynes sec. 
(L.) | min.) | | (sec.) | (L.) | (%) | (mmHg) (mm.Hg)| 
1. W.A. (c) 5.33 7.71 81 95.2 8.6 1.10 43.5 6.3 93.0 904 
(1.81) (a) 4.41 7.68 74 104.2 10.3 1.32 43.5 3.3 93.0 903 
2. S.E.H (c) 6.41 6.15 50 122.3 17.0 1.74 41.0 7.1 87.2 1,134 
(2.04) (a) 5.88 5.98 55 108.7 16.5 1.64 39.5 2.4 83. 112i 
3. W.C (c) 5.16 5.66 62 91.3 2 1.3 44.5 5.1 86.0 1,215 ‘ 
(1.84) (a) 4.62 5.18 61 84.9 7 1.1 44.5 1.6 85.3 1,317 
4. T.S (c) 6.11 9.91 75 132.1 7 46.0 96.0 775 | 
(1.93) (a) § 8.99 74 121.2 10.9 1.63 44.5 1.0 76.0 676 
5. G.A (c) 5.81 9.21 2 127.9 11.3 1.73 49.0 1.3 76.0 660 { 
(1.88) (a) 5.26 : 61 95.1 16.0 1.55 48.0 5 80.0 1,103 
6. S.T.H (c) 6.24 6.61 60 111.1 15.9 1.75 46.0 8.1 98.2 1,185 U 
(2.04) (a) 5.69 6.55 57 114.3 16.8 1.83 45.5 5.7 99.4 1,214 
7. N.M. (c) 6.33 8.26 66 125.7 15.8 2.17 48.0 86.0 833 _ 
(2.12) a) 5.77 7.37 64 115.7 16.5 2.03 47.5 3 84.8 920 
8. P.B. (c) 4.65 8.05 60 134.2 4 1.53 50.5 2.4 106.5 1,058 _ 
(1.90) (a) 4.09 7.14 72 99.4 2 1.3 50.5 1.8 102.0 1,143 
9. J.C.K (c) 7.06 6.05 67 90.7 2 43.2 5.0 86.0 1,137 
(1.90) (a) 6.49 5.55 67 82.7 a 2 42 4.5 90.0 1,297 
10. J.T.K. = (c) 7.00 7.45 59 26.3 15.6 44.0 4.3 84.0 902 ( 
(2.04) (a) 6.41 62 51 29.8 17.8 43.5 aS 91.4 1,105 
11. E.H.1 (c) 6.30 8.10 76 107.1 2.0 1.62 50.0 3.4 103.2 1,019 } 
(2.06) (a) 5.71 6.87 77 89.7 12.2 1.40 50.0 0.4 98.0 1,141 


*(c): Control. (a): After arteriotomy. 


alteration in the distribution of blood be- 
tween the central and peripheral reservoirs. 

2. Changes in flow. Arterial bleeding 
produced a significant decrease in cardiac 
output and stroke volume (p .001). 
The changes in cardiac index were cor- 
related with the change in stroke index 
(r = +0.63), but not with the heart rate, 
which remained unchanged in most in- 
stances. A_ significant correlation (r = 
+0.60) was noted between the changes in 
stroke volume and CBV (Fig. 2). Neither 
the heart rate nor mean transit time 
changed significantly, yet there was a 
high correlation between heart rate and 
mean transit time before bleeding (r = 
+0.87). The largest change in heart rate 


was in Subject L. R., who experienced 
transient symptoms of acute circulatory 
collapse, characterized by bradycardia, pal- 
lor, hypotension, and sweating, 6 minutes 
prior to the second dye curve. 

3. Changes in pressure and resistance. 
Right atrial pressures decreased in all but 
one subject, from an average of 4.3 to 2.4 
mm. Hg. These changes were not correlated 
with changes in either stroke volume or 
cardiac output. Only a small fall of 4 
mm. Hg. in mean brachial arterial pressure 
was noted. The total systemic resistance 
increased 11 per cent (p = .03), probably 
due to lowered cardiac output. The changes 
in cardiac index and systemic resistance 
were highly correlated (r= —0.70) (Fig. 3). 


‘ 
i | 
a 
Pra 


Volume 61 
Number 6 
Discussion 


Accompanying the reduction in total 
blood volume by the experimental pro- 
cedure of arterial bleeding was a proportion- 
ate decrease in ‘‘central blood volume’”’ 
(CBV) and a fall in stroke volume. Since 
there was no compensatory increase in 
heart rate under these experimental con- 
ditions, cardiac output showed a corre- 
sponding decrease. The changes in stroke 
volume were directly correlated with the 
changes in CBV (p < .001) (Fig. 2); 
prior to bleeding there was a similar, albeit 
less significant (p < .01), correlation be- 
tween these parameters. These observa- 
tions are in accord with those of Johnson™ 
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on the effects of anesthesia, as well as those 
of Weissler and associates!’ on the cardiac 
response to postural changes and to anti- - 
gravity suits. The inotropic effect of iso- 
proterenol is also associated with an en- 
hancement of CBV." Thus, under several 
experimental conditions in man the stroke 
output of the heart has shown a close re- 
lationship to the CBV, supporting the 
concept of a central blood reservoir as a 
determinant of left ventricular diastolic 
filling.® 

In the present study there was no signifi- 
cant correlation between the changes in 
cardiac output and CBV with removal cf 
blood. Although cardiac output is utilized 


Table 1. Hemodynamic data before and after arteriotomy—Cont’d 


| | 
| | Mean Mean | Total 
| Total Cardiac | Heart | Stroke | Mean Central | Arterial right brachial | systemic 
Subject blood output rate | volume | transit | blood | hemato- | atrial arterial | resistance 
(BSA-M.*) | volume* | (L./min.)| (beats/ | (ml.) | time | volume crit pressure | pressure (dynes sec. 
| min. ) | (sec.) | (L.) %) | (mm.Hg) cm.~) 
12. M.P. (c) 4.31 7.82 67 116.7 9.8 .28 53.5 5.2 96.4 986 { 
(1.84) (a) 3.71 6.83 73 94.0 9.3 06 49.5 0.7 89.0 1,042 
13. W.L. (c) 5.41 7.34 72 102.4 10.5 1.28 43.0 3.0 84.0 916 1) 
(2.06) (a) 4.81 6.52 80 81.8 11.8 1.28 43.0 2.0 85.0 1,043 
14. E.M.T. (c) 5.91 9.64 71 135.8 10.3 1.65 42.0 — 95.5 793 
(2.03) (a) 5.31 9.82 76 129.2 9.0 1.47 41.0 — 92.6 754 
15. P.H. (c) 5.90 6.17 52 119.8 16 72 44.5 4.0 92.4 1,198 _ 
(2.08) (a) 5.29 5.33 52 103.5 13. 1.18 44.5 4.5 81.9 1,229 
16. D.F. (c) 9.14 9.60 76 126.3 10.0 44.5 4.0 98.8 823 _ 
(2.11) (a) 8.52 7.71 80 95.8 10.2 43.0 1.4 89.3 926 
17. C.H. (c) 6.16 10.62 82 128.9 7.8 1.38 48.0 4.7 112.8 850 
(1.88) (a) 5.53 8.73 74 117.2 10.0 1.45 46.5 0.9 98.1 899 
18. L.R. (c) 3.74 8.13 78 104.2 10.4 1.41 41.0 2.6 86.0 846 _ 
(1.98) (a) 2.95 5.92 66 89.7 14.2 1.40 39.5 2.3 73.1 988 
19. L.C. (c) 6.24 7.47 69 108.3 11.3 41 47.5 84.0 99 
(2.02) (a) 5.34 5.93 72 82.4 12.8 47.5 5.2 88.0 1,187 
Mean (c) 5.96 7.89 68 116.1 12.3 1.57 45.8 4.3 92.2 954 
+ S.D. 1.20 1.38 9.0 14.2 2.7 0.26 3.3 1.7 8.9 157 
Mean (a) 5.36 6.87 68 102.1 13.0 1.46 44.9 2.4 88.5 1,053 
+ S.D. 1.20 1.24 9.1 15.2 2.7 0.26 3.2 1.6 7.6 169.5 
Mean change —0.60 —1.02 0 —14.0 +0.7 —0.11 —0.9 —1.9 —3.7 +99 
Pp <0.001 <0.001 0.77 <0.001 0.10 0.004 <0.001 <0.001 0.05 0.03 


*(c): Control. (a): After arteriotomy. 
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Table II. Correlation coefficients* of control values 
| 
Total | Central Total 
blood | Car- | Heart | Stroke| blood | Mean Right | Brachial | systemic 
Parameter volume | diac | rate index | volume} transit | atrial | arterial | resist- 

index | index | index time | pressure | pressure| ance 
Total blood volume index 0.07 0.05 0.02 0.19 0.09 0.18 0.06 —0.09 
Cardiac index 0.73 0.69 0.06 —0.77 -0.50 -0.42 —-0.79 
Heart rate 0.01 —0.39 -—0.87 —0.34 0.23 —0.67 
Stroke index 0.49 —0.22 —0.40 0.37. —0.47 
Central blood volume index 0.57 -0.25 -0.13 —0.19 
Mean transit time 0.32 —0.35 0.58 
Right atrial pressure 0.08 0.60 
Brachial arterial pressure 0.12 
*Coefficients greater than 0.60 are underlined. 
Table III. Correlation coefficients* of changes after arteriotomy 

Total Central Total 

blood | Car- | Heart | Stroke| blood | Mean Right | Brachial | systemic 

Changes in volume | diac rate | index | volume | transit | atrial | arterial | resist- 

index | index index time | pressure| pressure| ance 
Total blood volume index 0.42 0.13 0.34 0.05 -0.28 -0.32 -0.07 —0.40 
Cardiax index —0.06 0.63 0.19 -—0.63  —0.26 0.08  —0.70 
Heart rate —0.68 —0.53 -0.30 —0.02 0.26 0.18 
Stroke index 0.60 —0.04 —0.18 0.03 —0.43 
Central blood volume index 0.58 —0.12 0.14 —0.06 
Mean transit time 0.24 0.22 0.63 
Right atrial pressure 0.22 0.41 
Brachial arterial pressure 0.63 
*Coefficients greater than 0.60 are underlined. 
in the calculation of CBV, the other indicate that the principal correlation is 


parameter which appears in the formula 
(mean transit time) is an independent 
variable, and, as discussed by Rapaport 
and associates," a correlation between car- 
diac output and CBV is not an inherent 
mathematical certainty. The data reported 
here, as well as the above-mentioned studies, 


that between stroke volume and CBV, 
rather than between cardiac output and 
CBV. Recent studies in patients with the 
chronic hypervolemia of polycythemia vera 
have shown excellent correlation between 
total volume and resting stroke volume." 

Another consequence of the reduced vol- 
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Fig. 2. Relationship between the changes in stroke 
index and ‘‘central blood volume”’ per square meter. 
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Fig. 3. Relationship between the changes in cardiac 
index and systemic resistance. 


ume of blood was a fall in right atrial 
pressure. This change, however, was not 
correlated with the change in blood flow or 
stroke volume. This is in accord with the 
observations made by Holt? on anesthetized 
dogs in which the changes in stroke volume 
were correlated with the changes in left 
ventricular end-diastolic volume, but not 


with effective end-diastolic pressure. Since 
neither end-diastolic nor effective filling 
pressures were measured in the subjects - 
reported here, it is beyond the scope of this 
paper to evaluate the significance of meas- 
urements of pressure in relation to the 
Frank-Starling law of the heart. The effect 
of the removal of blood on stroke volume 
and CBV, however, is in accord with this 
principle. 

The significant inverse correlation be- 
tween the changes in cardiac output and 
systemic resistance is related to a negligible 
fall in blood pressure; although this is 
interpreted as representing a compensatory 
mechanism to maintain systemic pressure 
and facilitate optimal perfusion, a causal 
relationship cannot be established from 
these studies. A primary role of peripheral 
resistance in regulating cardiac output has 
been advanced by Hamilton.!” 


Summary 


1. Arterial bleeding of 460 to 900 ml. in 
19 normal young male adults produced an 
immediate and significant reduction in car- 
diac output, stroke volume, and “central 
blood volume’”’ (CBV). Only minor altera- 
tions were noted in heart rate or brachial 
arterial pressure. Small elevations in mean 
transit time and total systemic resistance 
were observed. 

2. The ‘central blood volume”’ decreased 
in proportion to the total blood volume, 
suggesting no significant redistribution of 
blood volume after arteriotomy. 

3. A significant correlation was observed 
between the changes in stroke volume and 
“central blood volume,’’ supporting the 
concept of a central ‘‘reservoir”’ in maintain- 
ing stroke volume. 

4. The changes in systemic resistance 
were inversely related to changes in cardiac 
output. 

5. Although a fall in right atrial pressure 
occurred after arteriotomy, it was not 
correlated with changes in cardiac output 
or stroke volume. 
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The effect of “local” pH changes on blood flow 


in the dog 


T. Zsotér, M.D. 

L. Banderman, B.Sc. 

C.I. Chappel, D.V.M., Ph.D. 
Montreal, Canada 


_ in the metabolism of an 
organ is well known to affect local 
blood flow. Variations in tissue metabolism 
can also induce changes in pH. It seemed 
of interest to us to determine how important 
pH variations themselves are for “local” 
blood flow. Although the subject is by no 
means new, we could find no satisfactory 
answers to this question. Early workers 
in this field, using the Trendelenburg prep- 
aration in the frog,! the isolated rabbit 
ear,?> and perfusion of the hind limb of 
the cat,* reported decreased blood flow after 
the administration of alkali. On the other 
hand, Kester and associates and Deal and 
Green found increased blood flow in the 
femoral artery of the dog after local in- 
jection of either acid or alkali. These 
authors did not correct the ionic com- 
position and osmolarity of their solutions 
to that of blood nor did they give any 
information of the effect of prolonged in- 
fusion of different buffer solutions. 

The purpose of this study was to de- 
termine the effect of ‘‘local’”” pH changes on 
peripheral blood flow when buffers were 
given by infusion over prolonged periods. 
Efforts were made to induce changes in 
local blood pH _ insufficient to provoke 
important “‘systemic’”’ reactions, to avoid 
changes in osmolarity and concentration of 


sodium in the blood, and, finally, to obtain 
some information of the mechanism of 
action of acid and alkali on vessels. 


Methods 


Mongrel dogs weighing 8.0 to 17.4 kilo- 
grams and anesthetized with sodium pento- 
barbital (30 mg./Kg. intravenously plus 
15 mg./Kg. intramuscularly) were used in 
these experiments. The glycine-alanine- 
phosphate buffers were adjusted to the 
desired pH, and modified slightly so that 
at each pH they contained about 140 
mEq. of sodium and of 330 miliosmol. After 
the administration of 4 mg./Kg. body 
weight of heparin sodium (1 mg. = 130 
U.S.P. units), a needle was inserted into 
the femoral artery. Except where stated 
otherwise, buffers were infused through 
this needle at a rate of 4 ml. per minute. 
The sequence in which buffers at different 
pH’s were administered was varied. Blood 
pH was determined by using a radiometer 
within 30 seconds of the withdrawal of 
blood samples. Blood flow in the majority 
of these experiments was determined by 
venous occlusion plethysmography. A ple- 
thysmograph of suitable size, and composed 
of Plexiglass, was placed around the hind 
limb above the knee of the dogs, so that 
both ‘‘muscle” and ‘‘skin-vessel’’ territory 
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Fig. /. Effect of infusions of pH 2.0 buffer on blood 
flow in the femoral artery and pH in the ipsilateral 
femoral vein of the dog. Control flows are repre- 
sented by the points to the left of the arrow which 
marks the start of the infusions. The number of 
animals in each group is given in parentheses. 


were examined. The plethysmograph was 
filled with air and sealed with insulating 
putty.* The outlet from the plethysmo- 
graph led to a high-sensitivity Sanborn 
microphone. A calibration system utilizing 
a 0.5-ml. syringe was built into the tube 
leading from the plethysmograph to the 
microphone. Records were obtained from 
a Sanborn Twin Viso-Cardiette utilizing a 
Sanborn electromanometer. Paper speed 
was 25 mm. per second. Venous occlusion 
cuffs of different size, depending on the 
size of the animal, were inflated suddenly 
from a pressure reservoir. For occlusion 
the pressure which gave the highest flow 
value for each animal was employed. This 
was found to be preferable to utilizing an 
arbitrarily fixed pressure. Blood flow was 
registered at least four times prior to 
each infusion, then each minute for 5 
minutes, and at least three times at 5- 
minute intervals thereafter. 

In 6 experiments, blood flow was meas- 
ured by the method of Girling® in the 
femoral and carotid arteries. This method 
utilizes a double cannulation of the artery. 
The proximal cannula leads into a small 


*Tremco Strip-Seal, Tremco Manufacturing Company, Canada. 
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chamber separated from an_ ink-writing 
mercury manometer by a slack rubber 
membrane. The distal cannula leads from 
this chamber back into the artery. When 
the proximal plastic cannula is occluded 
for a short period (2 seconds in our ex- 
periments), the pressure in the manometer 
transmitted through the rubber membrane 
causes the blood in the chamber to flow 
into the distal artery at a rate dependent 
on the resistance in this artery. The result 
is a fall in the pressure record proportional 
to the blood flow at the site of cannulation. 
The blood flow can then be calculated 
from the magnitude of the pressure drop, 
the cross-sectional area of the manometer 
tube, and the duration of the occlusion. 

In a further 7 experiments on dogs, 
maintained by artificial respiration, the 
effects of respiratory acidosis or alkalosis 
was studied. These changes were produced 
by changing the stroke volume and rate 
of a Bodine respiratory pump. 


Results 


In the first experiments, attempts were 
made to introduce acid and alkali buffers 
in an amount sufficient to alter pH in the 
observed vascular area, but insufficient 
to produce changes in blood pressure, heart 
rate, or respiratory rate in the animal. 
In 3 dogs the intra-arterial infusion of 
pH 2.0 or pH 12.0 buffers during a period 
of 90 minutes at the rate of 4 ml. per minute 
caused little change in heart rate, blood 
pressure, or electrocardiogram, although 
after infusion of acid buffer the pH in the 
ipsilateral femoral vein was reduced by at 
least 0.2, and after alkaline buffer it was 
increased by at least 0.2. Respiratory rate 
was slightly elevated by infusion of pH 
2.0 buffer and decreased by infusion of 
pH 12.0 buffer. However, in a larger series 
of animals (26 dogs), respiratory rate after 
30 minutes of infusion of these buffers 
was not materially affected. 

In 12 dogs the pH changes were registered 
simultaneously in both femoral veins during 
the intra-arterial infusion of pH 2.0 and 
pH 12.0 buffers. As expected, pH changes 
on the side of the infused artery were 
consistently greater than in the contra- 
lateral vein. On the side of infusion, acid 
buffer decreased the control blood pH by 
0.27, whereas by only 0.09 in the contra- 
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Fig. 2. Alteration of femoral vein pH by the infusion 
of buffers of different pH in the ipsilateral femoral 
artery. The start of infusion in each case is marked 
by an arrow. The number of animals in each group is 
given in parentheses. 


lateral vein. The corresponding effects of 
alkaline infusion were 0.31 and 0.07. These 
findings support the contention that the 
pH changes in our experiments could be 
considered as mainly “‘local.”’ 

The infusion of pH 2.0 buffer—which 
was of course markedly diluted in the 
vessels by blood—caused an increase in 
blood flow (Fig. 1). When this was given 
after an infusion of a buffer adjusted to the 
individual control venous pH of the dogs 
(“neutral buffer’’), the increase in blood 
flow was quite marked at the first minute of 
infusion. When 4 ml. per minute of acid 
buffer was infused into the femoral artery 
of 13 animals, the increase in flow in the 
first minute was significant (t = 3.70; 
p< 0.01). As the infusion was continued, 
the average blood flow was reduced, but 
was still consistently elevated over the 
30-minute test period. No significant dif- 
ference was found between the 1- and 15- 
minute values. When pH 2.0 buffer was 
replaced by the neutral buffer, flow returned 
to control levels in about 5 minutes. In 
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this group of dogs the average pH in the 
femoral vein on the side of the arterial 
infusion had decreased at the end of 30 
minutes from 7.40 to 7.18. This alteration 
in blood pH was produced rather abruptly 
(Fig. 2). 

In 9 animals, pH 2.0 buffer was infused 
at a rate of 1, 8, or 16 ml. per minute. 
These variations in the rate of infusion 
caused correspondingly smaller or greater 
changes in blood pH and increases in flow. 
Similarly, when 4 ml. per minute of pH 
3.0 buffer was administered to 7 dogs, the 
augmentation of blood flow was less than 
that caused by pH 2.0 buffer infused at the 
same rate; under these circumstances the 
pH in the corresponding femoral vein 
was reduced from an average of 7.42 to 
7.22. Indeed, in this small series the in- 
crease in flow was not significant in the 
first minute, and in the fifth minute of 
infusion, t was 2.50 (p = 0.02 to 0.05). It 
is notable that injections of buffers into 
the femoral artery at acid or alkaline 
pH’s, when tested in 3 dogs with Girling’s 
method, gave increases in flow, when ex- 
pressed in maximal effect, quite similar to 
those reported by Kester and associates.‘ 
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Fig. 3. Effect of infusions of pH 12.0 buffer on 
blood flow in the femoral artery and pH in the 
ipsilateral femoral vein of the dog. Control flows are 
represented by the points to the left of the arrow 
which marks the start of the infusions. The number 
of animals in each group is given in parentheses. 
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Fig. 4. Effect of infusions of neutral buffer on blood 
flow in the femoral artery and pH in the ipsilateral 
femoral vein of the dog. Control flows are represented 
by the points to the left of the arrow which marks the 
start of the infusions. The number of animals in 
each group is given in parentheses. 


However, the average increase in flow 
by Girling’s method was considerably less. 

To obtain information on the mode of 
action of acid on blood flow the sequence 
in which infusions were given was varied. 
In 8 animals, pH 2.0 buffer infused im- 
mediately after the infusion of pH 12.0 
buffer caused a marked increase in blood 
flow (Fig. 1). Similarly, although less ob- 
vious in the first minute, the infusion of 
this buffer in 6 dogs was still effective after 
the previous administration of pH 3.0 
buffer. On the other hand, infusion of pH 
3.0 buffer, which was effective before pH 
2.0 infusion, caused no increase in blood 
flow when it was given in the same dogs 
after 60 minutes of infusion of pH 2.0 
buffer. 

The infusion of pH 12.0 buffer after the 
administration of neutral buffer increased 
the blood flow. This augmentation in a 
group of 14 dogs (Fig. 3) was rather 
consistent and quite marked in the first 
minute, t = 2.56, p < 0.01. However, in 
contrast to infusion of acid, with continued 
infusion of alkaline buffer the blood flow 
was gradually reduced in most cases. After 
15 minutes the increase in flow was no 
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longer significant, as compared to control 
values. Indeed, in 5 animals in which 
infusion was continued over a period of 
1 hour, average blood flow was lower at 
the end of this infusion than in the control 
period. Blood pH in the femoral vein on the 
infused side increased at the end of 30 
minutes of infusion from 7.37 to 7.56. 
Repeated determinations of blood pH dur- 
ing the infusion in 10 dogs is shown in Fig. 2. 
Infusion of pH 10.0 buffer to 11 dogs 
increased blood flow only slightly and 
blood pH from 7.36 to 7.47. Indeed, the 
increase in blood flow was not significant 
after 1 minute, and the average flow was 
still lower after 15 minutes of infusion. 

Buffer of pH 12.0 caused an increase in 
flow in 5 dogs in which infusion followed 
the administration of pH 2.0 buffer, and 
also in 9 other dogs in which the infusion 
followed that of pH 10.0 buffer. On the 
other hand, pH 10.0 buffer in 5 animals 
increased flow after neutral buffer, but 
decreased blood flow when it was given 
after pH 12 buffer. 

Neutral buffer was adjusted in each case 
to the control venous pH of the dogs as 
determined at the beginning of the experi- 
ments. In 21 dogs, neutral buffer caused 
only an insignificant increase in flow (Fig. 
4). This elevation of blood flow could be 
explained by the extra volume added to 
the femoral flow by the infusion of 4 ml. 
of fluid per minute. The augmentation 
in flow produced by neutral buffer after 
infusion of pH 12.0 buffer was not statistic- 
ally significant. On the other hand, after 
pH 2.0 buffer, flow was markedly reduced 
in 5 out of 6 dogs in the first minute after 
the infusion of neutral buffer (Fig. 4). 

To determine how pertinent these results 
would be when applied to another vascular 
territory, blood flow was measured during 
15 minutes of infusion of pH 2.0 and pH 
12.0 buffers into the common carotid artery, 
about 5 cm. below the arterial bifurcation. 
For the sake of comparison, blood flow 
was also obtained in the femoral artery 
by the method of Girling, using double 
cannulation. Blood flow was increased less 
in the carotid artery than in the femoral 
artery during the infusion of acid or alka- 
line buffer; however, the difference between 
the responses in the two arteries was not 
significant. The method of Girling registers 
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not only flow but also pressure in the 
cannulated artery. From experiments using 
this method we learned that the local 
arterial! pressure, femoral or carotid, was 
slightly but consistently decreased during 
infusion of acid or alkali. As a consequence, 
peripheral resistance was more decreased 
by the infusions than was indicated by the 
increases in flow alone. 

The role of the nervous system in the 


vascular response to acid and alkaline 


buffers was studied in additional animals. 
In 7 dogs the effect of infusion of pH 2.0 
and 12.0 buffers into the femoral artery 
was studied before and after acute denerva- 
tion. While the dog’s leg remained in the 
plethysmograph and the needle in the 
femoral artery, the sciatic and femoral 
nerves were sectioned and a periarterial 
denervation was performed. No differences 
were observed in the increases in flow 
caused by alkaline buffer before or after 
denervation. However, acid buffers failed 
to cause increases in flow in 5 out of 7 dogs 
after actue denervation. Because of the 
surgical manipulation necessary in this 
preparation, we were somewhat skeptical 
of the reliability of the flow values. There- 
fore, in 5 dogs, we investigated the effect 
of pharmacologic inhibition of the sym- 
pathetic and parasympathetic innervation 
on the above-described vascular responses. 
The increase in blood flow produced by 
pH 2.0 and pH 12.0 buffer was unaffected 
by the previous and simultaneous intra- 
arterial administration of 0.1 mg. per minute 
of atropine. However, pH 2.0 buffer caused 
less increase in flow after bretylium tosylate 
was given in a dose of 3 mg./Kg. intra- 
venously. This effect in each of the 5 
dogs was more pronounced at 90 minutes 
than at 30 minutes after the injection of 
bretylium tosylate, when the sympathetic 
nerve ends are known to be already markedly 
inhibited. On the other hand, in the same 
animals no consistent effect of bretylium 
tosylate was observed on the increase in 
blood flow caused by pH 12.0 buffer. 

The effect of respiratory alkalosis or 
acidosis on the blood flow is by no means 
identical with that of the above-described 
metabolic alkalosis and acidosis. When 
venous pH was increased by at least 0.1 
after 15 minutes of hyperventilation, blood 
flow in the hind limb decreased in each of 


5 dogs. A decrease in pH of at least 0.1 
produced by hypoventilation had a less 
consistent effect on blood flow. 


Discussion 


These experiments were designed to study 
the effect of infusions of acid and alkali 
on blood flow while avoiding the influence 
that these infusions might have on flow 
as a result of changes in osmolarity or in 
sodium gradient. Under these circumstances, 
the administration both of acid and of 
alkali increased blood flow in the femoral 
artery. A similar but less pronounced effect 
of these infusions was observed in the 
carotid artery. These results, in principle, 
are in agreement with those of Kester 
and associates, Deal and Green’s results® 
in the femoral artery, and the findings of 
McElroy and associates’ in the coronary 
artery. 

Since the pH of the blood is a very 
stable value, it was necessary to administer 
large volumes of the different buffer solu- 
tions in order to alter the blood pH. It is 
necessary, therefore, to consider the effect 
of the fluid volume itself in the interpreta- 
tion of these results. In 3 dogs in which the 
effect of infusion of these large volumes on 
blood pressure, heart rate, and electro- 
cardiogram was studied, no important al- 
teration was observed in these parameters. 
Edema in the infused leg, even after 
infusions which lasted for several hours, 
was observed only rarely. Furthermore, 
the sequence of administration of the dif- 
ferent buffers was varied in different animals 
so that interference as a result of expansion 
in plasma volume was minimized. 

There was a direct relationship between 
the change from control blood pH, pro- 
duced by the different types of infusions, 
and the increase in blood flow. The pH 2.0 
buffer was more effective in increasing 
blood flow than the pH 3.0 buffer, and pH 
12.0 buffer was more effective than pH 10.0 
buffer. Similarly, neutral buffer was inef- 
fective. These experiments indicate that 
it is the alteration from the neutral pH and 
not the absolute pH difference which is the 
trigger for an increase in flow. If this were 
not the case, then pH 12 given after pH 2.0 
buffer, or pH 2.0 after pH 12.0 buffer, 
would have had greater effect than was 
observed; pH 3.0 after pH 2.0, or pH 10.0 
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after pH 12.0 buffer would have elevated 
the flow instead of decreasing it, and neutral 
buffer after pH 2.0 buffer would not de- 
crease the flow. 

Both acid and alkaline buffers reduced 
peripheral resistance. However, we believe 
that this does not mean that these two 
antagonists act in the same way on the 
vessels. The injection of acid caused a more 
prolonged increase in flow than did the 
injection of alkali. The increase in blood 
flow after alkaline infusion was gradually 
decreased while the infusion was continued, 
whereas the pH increase in blood was at 
least as great during the later stages of 
infusion as earlier. Acid infusion, on the 
other hand, had sustained action. Further- 
more, pH 2.0 buffer after pH 12.0 buffer, 
and pH 12.0 buffer after pH 2.0 buffer still 
had marked effect. The results after acute 
denervation or after the administration of 
bretylium tosylate also suggest a difference 
between the mechanisms of action of acid 
and alkali. This difference might be ex- 
plained by a better adaptation of vessels 
to alkalosis than to acidosis. In the effect 
of acid it seems probable from these experi- 
ments that the sympathetic nervous system 
is also involved. Whether the response of 
vessels to pH is secondary to changes in the 
blood pH, tissue pH, or pH gradient is 
unknown and must await further experi- 
mentation. 

Respiratory alkalosis had an effect on 
blood flow opposite to that of metabolic 
alkalosis. These results correspond to those 
found recently by Patel and Gowdey® and 
could be explained by a depression in blood 
pressure during artificial hyperventilation. 


Summary 


Acid and alkaline buffers were adminis- 
tered by intra-arterial infusion at different 
pH'’s to dogs. Blood flow was measured with 
venous occlusion plethysmography, and in 
a few cases by arterial cannulation. In- 
fusions were given affecting mostly the 
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‘‘local’”” pH, insufficient to cause major 
“‘systemic’”’ reactions. 

Both acid and alkali significantly in- 
creased blood flow in the femoral artery, 
This effect was less pronounced in the 
carotid artery. 

When the sequence of the different buffers 
was varied, the response suggested that the 
difference from the control blood pH of the 
animals rather than the ‘‘absolute”’ dif- 
ferences was the factor causing increases in 
flow. 

The sustained and more prolonged effect 
of acid infusions, the difference after dener- 
vation, and other results suggest different 
mechanisms for the action of acid and 
alkali on the vessels. 
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Monocusp aortic valvular prosthesis in dogs 
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ice diseased, calcified, stenotic, or in- 
sufficient aortic valves, replacement 
of one cusp with a prosthesis may bring a 
great improvement of hemodynamics. Total 
replacement may be the final goal, but 
substitution of only one leaflet is easier, 
and the results obtained may project some 
light on the problems that will be en- 
countered with total replacement of the 
valve. This report describes the replace- 
ment in dogs of the noncoronary cusp of the 
aortic valve with a prosthetic cusp.* 


Materials and preparation of valves 


The materials used were knitted Teflon, 
polyurethane, Silastic (silicone rubber), and 
collagen with Dacron mesh. The monocusp 
valves were made on semilunar tricuspid 
molds patterned from a dog’s aortic valve." 
In making Teflont and collagent cusps, a 
small piece of the material was held between 
a male and female mold and cut out along 
the edge of the mold. Polyurethaneft and 
Silastict valves were made by dipping 
open molds in solutions of the plastic. 
The insertion lines of the valves were 
reinforced with braided Elgiloyt wire frames 


with 5 or 7 eyes; the Teflon valves were 
strengthened with a thick Teflon thread, 
and the collagen, polyurethane, and Silastic 
valves, with a thick Dacron thread. Poly- 
urethane valves were siliconized with Sili- 
clad} after the insertion lines were covered 
with polyurethane sponge. The insertion 
lines of Silastic valves were glued to Ivalon 
sponge by using a room-temperature vul- 
canizing Silastic}. These sponges serve for 
the ingrowth of fibrous tissues and prevent 
regurgitation around the valves. In order 
to reduce the time of insertion of the valve, 
5 to 7 Mersilene 3-0 sutures (with double 
needlest) were attached to the insertion 
lines of the valves beforehand (Fig. 1) 
and were sterilized together with the valves 
in an ethylene-oxide sterilizer. 


Methods 


Twenty-three mongrel dogs, 19.4 to 28.9 
kilograms in weight, were anesthetized 
with Nembutal. During the operation the 
circulation was maintained extracorporeally 
by a Foregger pulspirator.t The chest was 
opened through the fourth right intercostal 
space. The incision of the aortic wall was 
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*The first monocusp valves in our laboratory were made by Dr. M. Ionescu in 1958. 

tTeflon: United States Catheter and Instrument Corp., Glens Falls, N. Y. Collagen: Ethicon, Inc., Somerville, N. Y. 
Polyurethane: B. F. Goodrich Co., Akron, Ohio (polyurethane V. C. 5CS1904). Silastic: Dow Corning Corp., 
Midland, Mich. (Silastic X-3-0146). Elgiloy wire frames: Elgin National Watch Co., Elgin, Iil. Siliclad: Clay-Adams, 
Inc., New York, N. Y. Vulcanizing Silastic: Dow Corning Corp., Midland, Mich. Double needles: Ethicon, Inc, 
Somerville, N. Y. (Mersilene = Dacron). Pulspirator: Foregger Co., Inc., Roslyn Heights, N. Y. 
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Fig. 1. Monocusp aortic valves made of polyurethane. A strip of polyurethane 
sponge is glued along the fixation line on the ventricular side. In the right 
valve, five sutures with double needles are attached to it. The ends of the 
sutures are separately fixed in ten slits on the horseshoe ring (eft) so that they 


will not become entangled. 


somewhat curved ; the lower end was stopped 
above the commissure between the poste- 
rior and right leaflets in order to prevent 
constriction of the noncoronary sinus by 
duplication in the suture line of the aortic 
wall. After the noncoronary cusp was ex- 
cised, the artificial cusp was put in place. 
The sutures previously attached to the 
valve were brought to the outside of the 
aorta and tied there over a piece of Teflon 
felt (Fig. 2). In the last four experiments, 
aortic stenosis was created by sewing the 
right and the left natural leaflets together. 

In order to prevent the formation of 
thrombus on the valve or to dissolve 
thrombi which might already exist, the 
following drugs were given to some dogs 
either separately or in combination: in- 
travenous injections of 2,000 units of fibri- 
nolysin per kilogram of body weight each 
day for 4 days; subcutaneous injections of 
3.5 mg./Kg. of lipoheparin every 8 hours 
for 7 days; 300 mg. of nicotinic acid per day. 

Ten cineangiocardiograms* have been 
taken in 9 dogs between 5 and 75 days 
after operation. 


Results 


Smooth polyurethane, Silastic, collagen 
with Dacron mesh, and_ knitted-Teflon 
valves were put in 16, 2, 2, and 3 dogs, 
respectively (Table I). 


*Angiocardiograms were made by Dr. Shirey in the cardiovascu- 
lar laboratory at the Cleveland Clinic. 


Fig. 2. Insertion technique of the monocusp valve. 
A, Incision of aortic wall. Note that the lower one 
third of the incision is curved, pointing to the com- 
missure between the right and the posterior leaflets. 
B, All sutures are passing out of the aorta along the 
bottom of the posterior leaflet, which has been 
removed. C, Fixation of the valve starts from the 
commissure between the left and posterior leaflets 
outside the aorta by tying the sutures over a piece 
of Teflon felt. D, Fixation of the valve is completed. 
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Fig. 3. Smooth polyurethane monocusp in the dog 
sacrificed 130 days after operation. Note that the 
fixation of the valve is completely covered with 
endothelium which shows no sign of growing over the 
leaflets. 
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Fig. 4. Pressure tracings in the left ventricle 
and in the aorta after implantation of an artificial 
monocusp and creation of stenosis by sewing together 
the two remaining natural leaflets. Note that the 
postoperative pressure gradient across the aortic 
valve is 10 mm. Hg. 


One of 2 dogs with a Silastic valve 
survived 4 days before dying of aortic 
insufficiency caused by a tear along the 
fixation line of the valve extending to the 
bottom of the leaflet. The other died of 
occlusion of the left coronary ostium 4 
days after operation. The sinus of the 
artificial leaflet was filled with thrombi. 
This corroborates earlier experience that 
Silastic is too weak to make thin leaflets 
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and that it forms no safeguard against 
thrombosis. 

One of 2 dogs with a collagen valve 
survived 15 days, but died of subacute 
endocarditis; the collagen cusp was col- 
lapsed and filled with thrombi. The other 
is alive 165 days after operation. In the 
angiocardiogram taken 45 days postopera- 
tively the collagen cusp proved to be 
working, although a small amount of regur- 
gitation was observed. 

In 2 dogs with knitted-Teflon valves 
which survived 11 and 23 days, respectively, 
no thrombus was found. However, the 
Teflon cusp was shrunken, covered with 
fibrin, and in Dog No. 13 adhered to the 
right natural leaflet. This supports our 
previous experience with Teflon both in 


Fig. 5. Cineangiocardiogram of one dog taken 11 days 
after operation in which the two remaining natural 
leaflets were sewn together after an artificial mono- 
cusp was put in place. A, The braided Elgiloy 
frame of the artificial valve. B, The sinus of the 
artificial cusp filled with dye. ; 


¥ 
| 
50 
25 
150 
75 
50 
25 
| * 
| 
e 
| 
n 
e 


786 


experimental patches“ and in mitral valves 
which indicates that this material will de- 
velop a layer of fibrin which disruptsor leads 
to a shrinking or growing together of the 
leaflets. Later, fibrosis occurs in the spaces 
between the Teflon fibers, and the valve 
stiffens. 

Thirteen dogs with polyurethane mono- 
cusp valves survived longer than 2 days; 3 
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dogs are alive from 90 to 128 days, one of 
which has a thrombus according to the 
cineangiocardiogram; 10 died or were sacri- 
ficed. The polyurethane cusp was found to 
be filled with thrombus in 6 of the dogs. 
In all 3 dogs treated with fibrinolysin only, 
thrombosis was found. In the one dog 
treated with fibrinolysin, heparin, and nico- 
tinic acid, and subsequently sacrificed 13 


Table 1. Monocusp aortic valvular prosthesis in dogs 


Valve 
Experi-| Body | Cardiac 
ment | weight | Edge | Silicon- | arrest | Fibrin-| He- 
num- | of dogs | Material ization | (min.) | olysin | parin 
ber | (Kg.) | 
Reinforcement Covering 
1. 25 Smooth PUT Braided Elgiloy wire PU sponge + 16 
2. 27 Smooth PU Braided Elgiloy wire PU sponge + 20 
3. 23 Smooth PU Braided Elgiloy wire PU sponge + 31 
4. 27 Smooth PU Braided Elgiloy wire PU sponge + 23 
5. 28 Smooth PU Braided Elgiloy wire PU sponge + 19 
6. 29 Smooth PU Braided Elgiloy wire PU sponge + 18 
7. 22 Smooth PU Mersilene thread PU sponge + 19 + + 
8. 21 Silastic Mersilene thread Ivalon sponge _ 20 + + 
9. 24 Silastic Ivalon sponge _ 21 + 
10, 27 Collagen Teflon thread - 20 + 
11. 25 Collagen Teflon thread - 18 
12. 26 Knitted-Teflon Braided Elgiloy wire - 23 
13. 22 Knitted-Teflon Teflon thread = 28 
14. 22 Knitted-Teflon Teflon thread - 13 
15. 22 Smooth PU Mersilene thread PU sponge + 21 + 
16. 23 Smooth PU Braided Elgiloy wire PU sponge + 23 + 
17. 23 Smooth PU Braided Elgiloy wire PU sponge + 27 i 
18. 20 Smooth PU Mersilene thread PU sponge + 21 + 
19. 26 Smooth PU Mersilene thread PU sponge + 30 
20.* 24 Smooth PU Mersilene thread PU + BHt — 28 
21.* 23 Smooth PU Mersilene thread PU + BH 32 
22.° 23 Smooth PU Mersilene thread PU + BH — 27 
23.° 22 Smooth PU Braided Elgiloy wire PU + BH 23 


*Aortic stenosis was produced by sewing the two remaining natural leaflets together. 
tPU: Polyurethane. Commercial sponge fixed with polyurethane V.C. (Estane, Goodrich). 
tBH: Barium heparin. This was used to prevent the formation of thrombus along the fixation line of the artificial monocusp. The ratio 


Tvalon—polyvinyl alcohol, Clay-Adams, Inc., New York, N.Y. 


days after operation, there was no thrombus 
in the sinus of the polyurethane cusp. 

The over-all results indicated a high 
incidence of thrombosis in at least 7 of 
the 13 cases. 

In 2 dogs (Nos. 2 and 18 sacrificed 130 
and 82 days after operation, respectively) 
the valve fixation line on the ventricular 
side was completely covered with endo- 


Monocusp aortic valvular prosthesis in dogs 


787 


thelium which did not grow over to the 
polyurethane leaflet (Fig. 3). Thus, no 
problem exists with smooth valve leaflets - 
on the exposed, high-flow side of the valve 
leaflet. 

It has often been noticed in a valve 
testing machine’ that a leaflet stiffer than 
the other two does not move at all. The 
same thing may happen when the one 
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Autopsy results 


Survived | Cause of death 
(days) | 
Artificial cusp | Other parts | 
1 Leaflet too short Pulmonary edema Pulmonary edema 
130 Filled with thrombus Sacrificed 
1/6 In place and all right Myocardial damage 
10 Filled with thrombus Extensive intestinal necrosis due to Peritonitis 
mesenteric thrombosis 
8 Big thrombus Saddle embolus in abdominal aorta Multiple emboli 
2 Big thrombus 500 ml. of bloody fluid in the chest Bleeding in the chest 
13 No thrombus 750 ml. of blood in the chest Sacrificed 
4 Leaflet torn; no thrombus Pulmonary edema Pulmonary edema 
4 Filled with thrombus One infarct in spleen Occlusion of left coronary ostium 
with thrombus 
15 Filled with thrombus Pulmonary edema Pulmonary edema 


165 (alive) 


Right natural leaflet damaged 


Two aortic natural leaflets damaged 
Kidneys full of infarcts; saddle 
embolus in aorta 


Abdominal cavity full of bloody 


2 Collapsed and shrunken 
11 Adherent to right 
natural leaflet 
23 Covered with thick 
fibrin; no thrombus 
11 Filled with thrombus 
84 Filled with thrombus 
128 (alive) 
82 Filled with thrombus 
1/6 In place 
fluid 
18 Filled with thrombus 


95 (alive) 
90 (alive) 


31 


Thin thrombus along the 
insertion line; no more 
than desirable 


Sutures for stenosis broken; aortic 
insufficiency 


Two natural aortic leaflets covered 
with thrombi; extensive intes- 
tinal necrosis due to mesenteric 
thrombosis 


Cineangiocardiogram; no throm- 
bus; cusp shrunk somewhat 

Bleeding in the chest 

Aortic stenosis and insufficiency 


Myocarditis 


Endocarditis 
Multiple emboli 


Cineangiocardiogram; thrombus 
in cusp 

Sacrificed 

Transfusion reaction 


Pulmonary edema 


Cineangiocardiogram; no throm- 
bus in artificial cusp 
Cineangiocardiogram; no throm- 
bus in artificial cusp 
Peritonitis 


of barium heparin and polyurethane V,C, was 1:1 (Organon, Netherlands). 
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Fig. 6. Cineangiocardiogram of Dog No. 22 (Table I), made 90 days after insertion of a monocusp valve and 
sewing together of the remaining natural valve leaflets. The artificial (noncoronary) cusp (indicated by arrows) 
is filled with contrast medium and is evidently not thrombosed. 


artificial monocusp leaflet is stiffer than the 
two remaining natural leaflets. The lack 
of movement may promote the formation of 
thrombus under the artificial leaflet. In 
patients with aortic stenosis the rigid cal- 
cified leaflets are not movable. The artificial 
leaflet, therefore, has to move, and, as a 
result, the formation of thrombus may be 
prevented. In the last 4 dogs, stenosis was 
artificially produced by sewing the right 
and left leaflets together. A postoperative 
pressure gradient measured across the aortic 
valve in one such dog was 10 mm. Hg 
(Fig. 4). 

A cineangiocardiogram taken 11 days 
after operation in one dog showed that the 
polyurethane cusp was moving (Fig. 5). 
The dog died 31 days postoperatively, and 
at autopsy an extremely thin thrombus 
was noticed firmly adhering along the 
insertion line of the polyurethane cusp. 
The sutured natural leaflets, on the other 
hand, were covered with irregular mush- 
room-like thrombi which presumably led 
to mesenteric embolization and death. The 
other dogs with the natural valve leaflets 
sewn together (Nos. 21 and 22; Table I) 
were more fortunate. Cineangiocardiograms 
made more than 90 days after insertion 
of the artificial cusps showed them to be 
free of thrombus (Fig. 6). 


Discussion 


Materials used in the experiments are 
conveniently divided into two categories: 


rough (collagen and Teflon) and smooth 
(Silastic and polyurethane). Collagen is 
the only material that is not only water 
repellent but even water absorbent. It 
is well accepted and pliable, but weak. 
The collagen provided by Ethicon is rein- 
forced with Dacron mesh. Collagen with a 
finer Dacron mesh than that used in our 
experiments might be tried, although our 
experiences with collagen inserts in the 
atria showed extensive thrombosis. Teflon 
is inert and strong; nevertheless, it is not 
recommended as a material for artificial 
heart valves because it is inevitably cov- 
ered with fibrin which becomes increas- 
ingly thicker. The fibrin finally makes the 
leaflets stiff or forms pseudoleaflets. In 
an autopsy of one of our experiments, 
we saw the Teflon leaflets grown together 
with the natural leaflets. These observations 
correspond with our experimental results 
in dogs having plastic patches in the heart 
chambers?* and in dogs with artificial 
mitral valves. The water-repellent property 
of Silastic is advantageous, but because it 
has a tendency to tear under the high 
pressures in the left side of the heart, it is 
not recommended as a material in the 
making of artificial heart valves. If it were 
used, it should have a skeleton of a stronger 
material, such as Dacron mesh. Silastic, 
even if it did not tear, is no safeguard 
against the formation of thrombosis. Poly- 
urethane, mentioned in another published 
paper, is strong and can be siliconized 
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to make it more water repellent. In spite of 
our hopes, polyurethane leaflets would not 
stay open. Thrombi nearly always are 
formed in the sinus and originate from the 
insertion line of the artificial cusp. Since 
we forced the artificial leaflet to move by 
sewing the right and the left leaflets to- 
gether, less thrombus was formed in the 
sinus of the artificial cusps. 

The incision of the aortic wall in the 
earlier work was straight; it extended down 
into the middle of the noncoronary valvular 
sinus. This led to a reduction of the con- 
cerned sinus and a distortion of the inserted 
artificial valve. Presently, the aortic in- 
cision is curved, pointing at the commissure 
between the posterior and right leaflets. 
It does not enter the sinus proper, yet 
gives a sufficient view of the operative field. 
If the sutures on the outside of the aorta 
are tied over thick Teflon felt, valve 
cusps without a rigid frame are not distorted. 

Administration of fibrinolysin alone to 
6 dogs did not dissolve thrombi formed on 
the fixation line of the artificial valve cusp. 
A combination of fibrinolysin and heparin 
seemed beneficial in one dog (No. 7) 
which showed no thrombus after 13 days. 
The experiment was inconclusive in another 
dog, because, although there was no throm- 
bus, the Silastic leaflet tore after 4 days 
(No. 8). 


Monocusp aortic valvular prosthesis in dogs 789 


Conclusions 


(1) Artificial monocusp aortic valves 
made of collagen, Teflon, Silastic, and 
smooth polyurethane were put into 23 dogs. 
(2) At first, the formation of thrombus 
or fibrin adhesion was noted in 14 dogs 
which survived longer than 2 days. Throm- 
bosis occurred no matter what material was 
used, but not in 2 dogs which were treated 
with fibrinolysin and heparin. (3) Forma- 
tion of thrombus originated from the inser- 
tion line of the artificial cusp in the sinus. 
(4) Cutting into the sinus proper can be 
avoided. (5). Rough materials promoted 
formation of fibrin on the cusps; smooth 
materials were better. 
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A study of 


arterial pressure plethysmograms and 
impedance plethysmograms 


A. S. Dontas, M.D. 
Athens, Greece 


n a previous communication in this 

Journal,' comparison was made between 
intra-arterial pressure pulses and pulses 
obtained from the same artery and site 
through a cutaneously applied cuff, short 
rigid tube, and strain gauge. It was ob- 
served that whereas the intra-arterial pulse 
is not affected by extensive changes in 
applied cuff pressure, the pulse recorded 
through the cuff becomes larger, usually 
up to systolic levels, and its contour is 
altered at the various cuff pressures.’ 

With the means at our disposal at that 
time no further comparison between the 
contours of the intra-arterially and extra- 
arterially recorded pulses could be made. 
It became apparent that this could be done 
only by a continuous plotting of the two 
pulse values against each other (e.g., through 
a subtracting amplifier), if the pulses to be 
compared were made exactly equal in size. 
This would further indicate the nature of 
oscillometric arterial pulsations as obtained 
with a variety of cuff systems used in 
clinical medicine today. 

In addition, pulses recorded with the cuff 
and strain gauge (hereafter called pressure 
plethysmograms) have been compared to 
pulses recorded by amplifying impedance 
changes of the artery under study. Com- 
parison of the data from these two methods 
would indicate the nature of pressure and 


impedance plethysmograms and their dif- 
ferences from pressure pulses of the same 
artery. 


Subjects and methods 


Fifteen healthy young males were studied 
under the same conditions described in the 
preceding paper’; in addition, 8 men with 
various cardiovascular disorders were simi- 
larly studied. All experiments were per- 
formed on the brachial artery, and the 
arm was held at the cardiac zero level. 
Pressure pulses were recorded as reported 
in the preceding paper.* Pressure plethys- 
mograms from the same artery were ob- 
tained by placing a small cuff on the skin 
exactly over the tip of the needle and con- 
necting it with a 15-cm. long PE-280 tube 
to another P23AA gauge. The air in the 
system could be subjected to any desired 
pressure up to 300 mm. Hg. The output 
of the gauge was fed into a transistorized 
DC-amplifier with a capacitor at its exit, 
so that its time constant was 1.8 seconds 
when connected to the Electronics for 
Medicine recorder; the natural frequency 
response of the plethysmographic amplifier 
was well over 100 cycles per second. 

The pulses were made equal in size by 
adjusting the gain of the plethysmographic 
amplifier. They were then fed into the 
subtracting amplifier, the pressure pulse 
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Number 


Fig. /. In each section, from below upward: intra-arterial pressure base line; electro- 
cardiographic Lead II; left brachial arterial pressure (P); left brachial arterial pressure 
plethysmogram (P.P., equalized in height to the intra-arterial pressure) obtained ex- 
actly over the tip of the Cournand needle. The top curve (A) is the instantaneous dif- 
ference between pressure (positive) and pressure plethysmogram (negative). The numbers 
in each section indicate the applied cuff pressures, in mm. Hg; and at the right are the 
calibration levels for the intra-arterial pressure. Time lines in 0.1 second. Observe the 
constant difference in onset of the two pulses and the changes in pulse contours with the 


highest applied pressure (200 mm. Hg). 


as positive input, and the pressure plethys- 
mogram as negative input. The resultant 
subtraction curve was recorded along with 
the original pulses and ECG Lead II. 
Arterial impedance (volume) pulses were 
recorded between the Cournand needle 
and a subcutaneous electrode close to the 
tip of the intra-arterial needle, or between 
two subcutaneous electrodes inserted on 
either side of the artery. In both cases the 
external cuff was positioned exactly over the 
impedance-recording electrodes; the sub- 
cutaneous electrodes were insulated except 
for their tips. The impedance amplifier 
was the same Parks unit employed in the 
preceding study.’ The size of the impedance 
pulse was adjusted to equal exactly that 
of the pressure plethysmogram. The two 
pulses were fed into the subtracting am- 
plifier, but with the pressure plethysmo- 
gram as positive, and the impedance pulse 
as a negative input: Recording of the pulses 
and their difference was done on the same 
multiple-beam recorder as reported above. 


Results 


1. Pressure plethysmograms versus tntra- 
arterial pressure pulses. The pressure ple- 
thysmograms preceded the corresponding 
intra-arterial pressure pulses by a varying 
interval, constant in each case with normal 
sinus rhythm and under resting conditions. 
The subtraction curves were composed, 
therefore, of an early negative-positive 
deflection, representing the difference in 
arrival times of the fronts of the pressure 
plethysmogram and of the intra-arterial 
pressure pulse (Fig. 1, all four sections). 
Similar precedence of the impedance pulse 
with respect to the pressure pulse was 
described in the preceding paper.’ 

In about two thirds of the cases the 
subsequent course of the pressure plethys- 
mogram obtained with very low cuff pres- 
sures (5 to 20 mm. Hg) was identical with 
the intra-arterial pressure pulse (Fig. 1, 
upper left); thus, the subtraction curve 
returned to its original base line after the 
early biphasic swing. In the other cases, 


F 
d | 
e 
‘ 
n 
e 
e 
d 
t 
§ 
t, | 
ls 
or 
y 
iC 
le 


792 Dontas 


Am. Heart J. 
June, 1961 


Fig. 2. As in Fig. 1, but electrocardiographic Lead I; from a young man with mitral 
disease, atrial fibrillation, and irregular ventricular rate. Observe the unequal height of 
the pressure plethysmogram compared to that of the intra-arterial pulses, and the varia- 


ble transmission times of the two pulses. 


Fig. 3. From below upward: electrocardiographic Lead II; impedance plethysmogram 
(I.P.) of the left brachial artery, recorded between two subcutaneous needles on either 
side of the artery; pressure plethysmogram (P.P.) of the same artery, recorded with the 
cuff over the subcutaneous electrodes; and subtraction curve (A) of the pressure plethys- 
mogram minus impedance plethysmogram. The numbers indicate the applied cuff 
pressure, in mm. Hg, and the size of the pulses has been adjusted each time to make them 


exactly equal. 


pressure plethysmograms exceeded in rela- 
tive size the intra-arterial pressure pulse 
throughout most of the cycle, so that the 
subtraction curve returned below its orig- 
inal base line after the initial deflection. 
Higher cuff pressures increased the size 
of the pressure plethysmogram, and to 
make it equal to the intra-arterial pressure 
pulse the gain had to be progressively 
reduced. Without exception, all such height- 
adjusted pressure plethysmograms exceeded 
in relative area the corresponding pressure 
pulses, so that the subtraction curves 
remained below the original base line for 
the most part of each cycle after the early 
negative-positive swing. This is exactly 
the relation obtained by a comparison of 
height-equalized impedance arterial pulses 


with intra-arterial pressure pulses, described 
in the preceding paper.® 

Cuff pressures exceeding 100 mm. Hg 
partially impede the flow of blood at the 
recording site; the intra-arterial pulse be- 
comes distorted with increased pulse pres- 
sure and faster upstroke and downstroke, 
like a peripheral pulse (Fig. 1, lower right); 
despite this, the relation of the plethysmo- 
gram to intra-arterial pressure is the same 
as with lower cuff pressures. 

During extrasystolic arrhythmias the 
pressure plethysmograms precede by vary- 
ing distances the corresponding intra- 
arterial pressure pulses. Furthermore, the 
described constant relations of pulse sizes 
are disturbed, and marked beat-to-beat 
variation is observed. Multiple observa- 
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tions, as the one in Fig. 2, have indicated 
that the relative height of the pressure 
plethysmogram with respect to the intra- 
arterial pressure pulse increases with in- 
creasing diastolic pressure at the time of the 
ectopic beat. Similarly, the difference in on- 
set of the two pulses seems directly related 
to the existing intra-arterial pressure. Such 
observations suggest that the pressure ple- 
thysmograms are records of changes in 
diameter, which may or may not be ac- 
companied by perceptible changes in in- 
traluminal pressure during similar disturb- 
ances of the cardiac rhythm. 

2. Pressure plethysmograms versus im- 
pedance arterial pulses. In contrast to the 
above-mentioned variable relations, no ma- 
jor differences in contour between arterial 
impedance pulses and pressure plethysmo- 
grams have been observed; the only note- 
worthy difference was a relatively faster 
rise (not onset) of the impedance pulse in 
most cases. Apart from this, there was no 
trend in the minor differences in contour 
encountered, over the wide range of cuff 
pressures tested per individual. Fig. 3 in- 
dicates the differences in contour between 
the impedance plethysmogram and the 
pressure plethysmogram of the same 
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brachial artery, when the cuff pressure was 
raised from 20 to 200 mm. Hg. 

Fig. 4 further emphasizes the essential 
similarity of the two pulses; it was obtained 
from a young man with mitral disease and 
atrial fibrillation, and the ventricular rate 
varied widely from beat to beat; despite the 
remarkable variability in pulse rate, size, 
and contour, the recorded pulses with the 
two methods are almost identical, and the 
slight differences were not accentuated 
when the cuff pressure was raised from 50 
to 150 mm. Hg. 


Discussion 


The nature of the tracings obtained by 
‘pressure plethysmographic”’ techniques is 
a subject of both theoretical and practical 
interest. Such techniques have been used 
since the early years of this century (see 
the review by Frey‘), and are still widely 
used in oscillometry today.?*:* It should be 
known, therefore, whether the recorded 
pulsations bear any similarity to the varia- 
tions in intramural pressure or to transverse 
vibrations of the arterial wall. From the 
practical point of view, if pulses recorded 
by such a method bear a constant relation 
to either pressure or volume pulses, such a 
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Fig. 4. As in Fig. 3, from a young man with mitral disease, atrial fibrillation, 
and variably slow ventricular rate. The impedance pulse is recorded between 
a Cournand needle and a small skin electrode over the tip of the needle; the 
subtraction curve is in the center in all three sections. Time lines in 0.2 second. 
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technique would have practical advantages 
over the more cumbersome arterial punc- 
ture or subcutaneous impedance plethys- 
mography (for recording pressure and vol- 
ume pulses, respectively). 

The results herein indicate that pressure 
plethysmograms have contours identical 
to intra-arterial pressure pulses only at 
cuff pressures less than 20 mm. Hg; inas- 
much as at such low pressures the gain of 
the amplifiers has to be quite high and base- 
line stability is poor, this similarity is 
mainly a matter of theoretical interest. 
For practical purposes it is important to 
note that over a wide range of cuff pressures 
the recorded pulses are changes in volume, 
because: (a) their onset precedes that of 
the pressure pulse, much as arterial im- 
pedance (volume) pulses do; and (b) their 
contour has the same relationship to the 
arterial pressure pulse contour from the 
same locus as does a purely volume pulse 
(see preceding paper’). 

On the other hand, comparison of pres- 
sure plethysmograms with arterial imped- 
ance pulses obtained with the technique 
described in this and the preceding paper 
indicates that only minor differences exist; 
these are not accentuated with increase in 
cuff pressure or during arrhythmias. Such 
differences are probably related to the 
dissimilarity of the recording techniques; 
in fact, the impedance plethysmogram will 
record any resistivity change between the 
two electrodes, whereas the pressure ple- 
thysmogram will record mainly outward 
arterial expansion underneath the area of 
the cuff. It is likely that resistivity changes 
may occur without gross outward arterial 
expansion. If these inconstant differences 
in contour are disregarded, the similarity 
between pulses obtained with the two 
methods indicates that each method can 
substitute for the other and that they both 
record changes in arterial volume. 

It is debatable whether tracings obtained 
with older methods, such as the “‘Spiegel- 
segmentkapsel’’ of the German authors of 
the twenties,‘ can be classified into the 
low-cuff-pressure or high-cuff-pressure types 
of pressure plethysmograms; an equally 
important factor altering the contour of the 
recorded pulses is the frequency response 
of the optical segment, or of the totality 
of the components of the modern cuff 
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systems, tubing, amplifiers, and end re- 
corders. In a photographic and aneroid 
system such as the one employed in this 
study, the only moving mass is the dia- 
phragm of the transducer; as long as the 
dry mechanical resonance of the transducer 
is several hundred cycles per second, the 
response can be said to be flat to at least 
20 per cent of the natural frequency.’ 
High-frequency oscillations approaching the 
natural frequency of the gauge and induc- 
ing artefacts from resonance are not ex- 
pected to occur in the system under study, 
and, indeed, impedance plethysmograms 
able to record much faster oscillations are 
devoid of them. 


Summary 


1. Comparison of contours of the follow- 
ing height-equalized pulses from the brachial 
artery has been made: (1) an intra-arterial 
pressure pulse versus an external pressure 
plethysmogram; (2) a pressure plethysmo- 
gram versus an impedance plethysmogram. 
Fifteen healthy young men and 8 men with 
cardiovascular disease were studied in this 
manner. 

2. Intra-arterial pressure pulses versus 
pressure plethysmograms: At cuff pressures 
of 20 mm. Hg or less the contours by the 
two methods were identical in about two 
thirds of the cases; in the others the pres- 
sure plethysmograms were relatively larger 
throughout most of each cycle, even though 
their peak height was adjusted to equal 
that of the intra-arterial pressure pulse. 
With higher cuff pressures this relaticn 
became constant, i.e., all pressure ple- 
thysmograms had areas larger than those 
of the corresponding height-equalized pres- 
sure pulses. When pulses with unequal 
volume output were compared, as in the 
case of arrhythmias, the ratio of the pulse 
sizes with the two methods varied consid- 
erably. In every case the pressure ple- 
thysmogram preceded the corresponding 
intra-arterial pulse; this interval was varia- 
ble and depended directly on the level of 
intra-arterial pressure at the moment of the 
ectopic beat. 

3. Pressure plethysmograms versus im- 
pedance plethysmograms: Pulses obtained 
with either one of these methods were 
quite alike, and there was no trend in the 
minor differences in contour which were 
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occasionally observed, even when the ap- 
plied cuff pressure was varied between 
considerable levels. 

4. These data indicate that pressure 
plethysmograms and arterial impedance 
plethysmograms, obtained with the tech- 
niques described herein, are arterial volume 
pulses, and differ from pressure pulses 
recorded from within the same vessel. They 
may provide further information on the 
properties of the artery under study, in 
addition to the information obtained by 
methods of intra-arterial pressure record- 
ing. 

REFERENCES 

1. Dontas, A. S.: Comparison of simultaneously 

recorded intra-arterial and extra-arterial pres- 


sure pulses in man, AM. HEART J. 59:576, 1960. 
2. Kettner, M. G., Ferrero, C., and Duchosal, 


P. W.: Clinical investigation by the oscillogram 
of peripheral arteries, AM. HEART J. 49:485, 
1955. 

Dontas, A. S., and Cottas, C. S.: Arterial 
volume and pressure pulse contours in the 
young human subject, AM. HEART J. 61:676, 
1961. 

Frey, W.: Der arterielle und capillare Puls. 
In Bethe-Bergmann’s Handbuch der normalen 
und pathologischen Physiologie, Berlin, 
Springer 7:1223, 1927. 

Daoud, G., Reppert, E. H., Jr., and Scott 
Butterworth, J.: Basal systolic murmurs and 
the carotid pulse curve in the diagnosis of 
calcareous aortic stenosis, Ann. Int. Med. 
50:323, 1959. 

Karpman, H. L., Payne, J. H., and Winsor, 
T.: A practical, systematic laboratory approach 
to the study of the peripheral circulation, Ann. 
Int. Med. 53:306, 1960. 

White, G.: Response characteristics of a simple 
instrument, Statham Instrument Notes, No. 2 


1948. 


3. | 
4. 
5. 
6. 
7. 

| 
| 


Contribution of the right ventricular wall 


to the QRS complex 


James P. Gould, M.D.* 

Allen M. Scher, Ph.D.** 
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Seattle, Wash. 


he extent to which the right ventricle 

contributes to the QRS complex is 
the subject of some disagreement.':? Some 
conclusions concerning this contribution 
have been based on the changes in the 
early portion of QRS during right bundle 
branch block. Right ventricular depolariza- 
tion, which normally occurs early in ven- 
tricular activation, is postponed until late 
in the QRS after experimental right bundle 
branch block. It follows that if the right 
ventricle contributes potentials to early 
ORS, the early as well as the late part of 
ORS should be altered when this bundle 
is blocked. Since all parts of QRS are 
altered after experimental right bundle 
branch block, it would seem that the right 
ventricle does contribute measurably to 
ORS. Clinical right bundle branch block, 
however, produces no abnormalities in the 
early QRS. Grant? compared electrocardio- 
grams recorded during normal conduction 
and during right bundle branch block in the 
same individuals and found no alteration 
of early QRS. Sodeman and associates’ 
found that the first part oi the QRS was 
altered in only 2 of 23 patients with right 
bundle branch block. To resolve this con- 


flict, Grant? postulates two types of clinical 
right bundle branch block. He feels that 
the more common type, in which the 
early part of QRS is unchanged, probably 
results from a peripheral block, and that 
the less common form, which is associated 
with alteration of the initial QRS, is due 
to a block of the right bundle. 

Separation of the contribution of the 
right free wall alone from that of the right 
free wall and septum has rarely been 
attempted. In the only pertinent animal 
experiments, Boden and Neukirch* found 
definite changes in Lead II after they 
removed the free right ventricular wall 
from the perfused canine heart. 

The purpose of the present investigation 
was to study the electrocardiographic con- 
tribution of the free right ventricular wall 
and that of the right septum. To demon- 
strate the contribution of the right wall, 
electrocardiograms were recorded before 
and after excision of the wall from (a) the 
perfused dog heart and (b) the dog heart 
in situ. To show the contribution of the 
right septum, the right bundle (in the 
perfused heart) was incised after the re- 
moval of the wall. 
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Materials and methods 
Excision of the right wall in the perfused 


heart. Ten hearts from mongrel dogs were 
perfused in a cylindrical plastic bath, 12 
cm. in diameter and 13 cm. high. A donor 


dog provided the perfusing blood, which 
was maintained at 37°-39°C. The perfused 
heart was suspended from a Palmer vertical 
micromanipulator, which was used to raise 
and lower the heart. Electrodes were at- 
tached to the anterior, posterior, left, 
right, and bottom (apical terminal) of the 
plastic cylinder. An electrode attached to 
the aorta served as the top (basal) terminal. 
Unipolar leads were recorded between these 
terminals and a modified Wilson central 
terminal (indifferent lead). This central 
terminal was constructed by connecting 
each of the 6 electrodes through a 10,000- 
ohm resistor to a single terminal. Bipolar 
leads were recorded between the anterior 
and posterior, the left and right, and the 
bottom and top terminals. 
Electrocardiograms were recorded on 
either a 12-channel Rycom oscilloscope, a 
16-channel oscilloscope,’ or an 8-channel 
Offner oscillograph. The film and paper 
speeds were between 50 and 500 mm. per 
second. Although more detail could be 
seen at the faster speed, 50 mm. per second 
was adequate for interpretation of changes 
in the direction of depolarization. Since 
the ORS is shorter in the dog than in man, 
the speed of 50 mm. per second produced 
QRS complexes roughly as long as those 
recorded at the conventional speed of 25 
mm. per second in human subjects. To 
check the position of the heart at various 
times during the experiment, an artificial 
bipole was created on the surface of the 
heart by sewing electrodes in its apex and 
base and connecting them to a sine wave 
oscillator. The sine wave voltage was re- 
corded from the electrodes attached to the 
surface of the cylinder. Any change in 
cardiac position would change these rec- 
ords. After the heart was placed precisely 
in the center’ of the perfusion cylinder, 
control electrocardiograms and control rec- 
ords of the oscillator voltage were obtained. 
The heart was then elevated, and the free 
right wall was removed by cutting as close 
as possible to the septum and atrial border. 
After the heart was lowered to its preopera- 
tive position in the bath, the QRS com- 
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plexes and the voltages from the oscillator 
were recorded. Since the tracings of voltages 
from the oscillator indicated that position 
of the heart could be precisely controlled 
with the micromanipulator, the use of the 
artificial bipole was thought to be unneces- 
sary in the last 6 experiments. During these 
experiments the heart was positioned by 
direct measurement. As noted in Fig. 1, 
short recording time constants were at 
times used postoperatively in order to 
minimize the S-T displacement due to 
injury. This procedure did not alter the 
ORS complexes. 

In order to determine what portion of a 
record was altered, a time reference voltage 
was recorded simultaneously with the elec- 
trocardiograms from the left ventricular 
wall. In the study of the records and the 
preparation of illustrations, the time refer- 
ence voltages were placed vertically above 
one another. 

In 4 experiments the right bundle was 
cut after removal of the right wall, and 
electrocardiograms were then recorded. 

Substitution of a prosthesis for right wall 
in living dog. Acute experiments were per- 
formed on 2 mongrel dogs which weighed 
10 and 13 kilograms. They were anesthe- 
tized with pentobarbital and maintained by 
artificial respiration. Four electrodes were 
sewn to the intercostal musculature in order 
to eliminate movement during the proce- 
dure. Unipolar potentials were recorded be- 
tween the body surface electrodes and a 
modified Wilson central terminal. An Offner 
multichannel ink-writing oscillograph was 
used so that complexes could be studied 
during the procedure. 

To determine whether thoracotomy alone 
might alter the electrocardiogram, pre- 
liminary control experiments were _per- 
formed on both animals as follows. After 
preoperative control tracings were made, 
the thorax was opened by a mid-sternal 
incision, and the pleural and pericardial 
cavities were entered. The heart was manip- 
ulated and then returned to its previous 
position. The sternum and the overlying 
skin were then carefully approximated. A 
small opening was maintained in the middle 
of the incision so as to allow the air from the 
pleural space to escape while the lungs 
were inflated by clamping the outlet of the 
respirator. When all air appeared to have 
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been removed from the pleural space, the 
wound was closed completely and a second 
group of tracings was taken. Since the 
postoperative complexes were similar to 
those recorded preoperatively, the thorax 
was reopened and replacement of the free 
right ventricular wall was begun. A sheet 
of chamois the size of the wall was fastened 
with continuous silk suture to the borders 
of the free right wall. The wall was then 
removed through a large incision in the 
chamois while the venae cavae were oc- 
cluded. The prosthesis was quickly closed 
with silk suture, and blood was removed 
from the pleural space. The thorax was 
again closed and the air it contained was 
expelled. A third group of tracings was then 
taken. 


Results 


These results will be discussed solely with 
reference to changes early in QRS. No 
consistent changes in any leads were noted 
late in QRS in this study. 

Effects of excision of right wall from per- 
fused heart. 

RIGHT AND LEFT LEADS. Activity during 
the initial half of QRS was directed more 
leftward after the right wall had been re- 
moved in all 10 experiments. A typical 
result is illustrated in Fig. 1, a through f, 
and in Fig. 3. The control tracing from the 
right lead (Fig. 1,a) was positive-negative 
during the first half of the QRS complex. 
In the postoperative tracing (Fig. 1,0) 
the complex was negative throughout the 
first half of the QRS interval. Reciprocal 
changes appeared in the left unipolar lead. 
The control left lead (Fig. 1,d) wasnegative- 
positive during the first half of QRS, and 
the postoperative tracing (Fig. 1,e) was 
positive during the entire first half of QRS. 

APICAL AND BASAL LEADS. In 9 of the 10 
experiments the activity was directed more 
basally after removal of the wall. Sample 
records are shown in Fig. 1,g through /. 
In the control tracing from the apical lead 
(Fig. 1,g) the entire first half of QRS was 
positive. After the wall was removed, the 
amplitude of this potential was markedly 
reduced, and indeed the lead (Fig. 1,h) 
became positive-negative during the first 
half of depolarization. Reciprocal changes 
were seen in the basal lead. The potential 
was negative and then slightly positive dur- 
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ing the first half of the QRS in the control 
tracing (Fig. 1,7). The postoperative po- 
tential (Fig. 1,2) was positive during this 
period. In the exceptional experiment there 
was no change of direction along the apico- 
basal axis. Inspection of the formalin-fixed 
specimen revealed that less of the wall had 
been removed from this heart than from 
the others. In a later experiment the 
wall was removed in two equal sections; 
typical changes in the apical and basal 
unipolar leads did not appear after removal 
of half of the wall but did appear when all of 
the wall was extirpated. 

ANTERIOR AND POSTERIOR LEADS. In § 
experiments the postoperative activity was 
directed more posteriorly during the first 
half of QRS, and in the other 5 experiments 
the postoperative activity was directed 
more anteriorly. In the record shown, the 
control tracing from the posterior lead 
(Fig. 1,m) contains a small positive deflec- 
tion and then a larger positive component 
during the first half of the QRS. In the 
postoperative complex (Fig. 1,#) the first 
half of QRS was initially moderately posi- 
tive, then isoelectric, and then positive 
again. The control tracing from the anterior 
lead (Fig. 1,p) was positive during the first 
half of ventricular depolarization, and in 
the postoperative tracing (Fig. 1,g) the 
first half of QRS was negative. Activity, 
therefore, was directed more posteriorly 
after the wall was removed in this heart. 

Right bundle branch block after excision 
of right wall from perfused heart. Although 
the ORS was prolonged after right bundle 
branch block, the early portion of QRS 
could be identified and compared with the 
early QRS under the preceding conditions. 
The direction of depolarization changed to 
the right after the bundle was cut. This 
happened in 3 of the 4 experiments. In the 
exceptional heart there was essentially no 
change. In both the right and the left lead, 
the complex after bundle branch _ block 
approximated more closely the control 
than the complex seen after removal of the 
wall alone. The changes shown in Fig. 1 
are representative of this series of exper! 
ments. The first half of the QRS from the 
right lead (Fig. 1,0), which was negative 
after excision of the wall, became positive 
(Fig. 1,c) after the bundle was incised. In 
the left lead the change was from positive 
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(Fig. 1.e) to negative (Fig. 1,f) during the 
entire first half of QRS. After right bundle 
branch block, the projection of the po- 
tentials in the basal-apical direction was 
smaller (Fig. 3). The projections along the 
left-right and anterior-posterior axis were 
also smaller after the block. In the apical 
lead the early half of QRS was slightly more 
positive (Fig. 1) after than before the 
bundle was cut (Fig. 1,h). In the basal 
lead the QRS complex returned from a 
positive configuration(Fig. 1,2)to negative- 
positive (Fig. 1,/) after the bundle was cut. 
The activity was directed more anteriorly 
after incision of the bundle, as indicated in 
m through ¢ of Fig. 1. This was not a con- 
stant finding; in 2 experiments, activity 
was directed more posteriorly during the 
first half of QRS. The changes during the 
latter half of depolarization were much 
smaller than those during the first half. 

Substitution of a prosthesis for free right 
wall in situ. The complexes recorded after 
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simple thoracotomy and closure differed 
very little from the preoperative control 
tracings. For the lead most changed by the 
thoracotomy, there was a correlation of .92 
between the complexes before and after the 
thoracotomy. After removal of the wall, 
early depolarization was directed more 
toward the left in both animals (Fig. 2). 
Preoperatively, the first half of the QRS 
in the right lead (Fig. 2,a) was positive; 
the right lead was negative in early QRS 
after the chamois was substituted for the 
free right wall (Fig. 2,c). Reciprocal changes 
occurred in the left lead. During early 
ORS the left lead was more positive after 
(Fig. 2,f) than before (Fig. 2,d and e) 
the wall was removed. The vector of 
depolarization was directed less toward the 
apex after the operation in both experi- 
ments. Potentials from the apical lead 
during the first half of QRS were more 
positive preoperatively (Fig. 2,g) than post- 
operatively (Fig. 2,7). The initial part of 
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Fig. 1. Typical electrocardiograms from the cylinder containing the perfused heart. Labels indicate the normal 
records and those taken after removal of the wall, and after removal of the wall and bundle branch block. 
Horizontal calibrations represent 50 milliseconds, and the vertical calibration represents 1 millivolt As in- 
dicated, records were aligned through the use of a left ventricular time reference potential. Discussion in text. 
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Fig. 2. Typical electrocardiogram from the body surface of the intact dog. Control before thoracotomy; thora- 
cotomy control taken after thoracotomy had been repaired and air removed from chest; wall-removal record 
was taken after chamois had been substituted for the right wall. Horizontal calibration represents 80 milli- 
seconds, and vertical calibration represents 1 millivolt. Discussion in text. 


ORS of the basal lead was more negative 
preoperatively (Fig. 2,7 and k) than post- 
operatively (Fig. 2,/). Thus, the changes 
in the ORS recorded at the body surface 
were very similar to those recorded from 
the cylinder when the wall was removed 
from the perfused heart. 


Plots of normal ventricular depolariza- 
tion® indicate that the free right wall 
depolarizes from the inside out early in 
ORS. This inside-out depolarization, which 
begins in the apical portions of the wall, 
produces a wave of activity directed to- 
ward the right and toward the apex of the 
ventricle. In these experiments, activity 
after the removal of the right wall was 
directed more toward the left and basally 
during the first half of QRS, which is 
consistent with the picture of early de- 
polarization. 

During normal depolarization the right 
septum depolarizes from right to left and 
from apex to base.’ If the right bundle is 
cut after the wall is removed, this right 
septal depolarization will be delayed. There- 
fore, the interruption of the bundle counter- 
acts the effects of removal of the free right 
wall and tends to return the individual 
complexes toward normal configuration 
during the early portion of QRS. The 
complexes do not, however, return to the 
exact preoperative configuration. Thus, the 
contributions of the free wall and septum 
are not exactly equal and opposite. Further- 
more, as can be seen in Fig. 3, the initial 
vector of depolarization is not returned to 
normal, Similarly, in experimental right 


bundle branch block, when the early 
contribution of both the free right wall 
and the septum is delayed, the configura- 
tion of the early portion of the QRS is 
altered. It should be noted that the left- 
to-right contribution of the free wall is 
stronger than the base-to-apex contribu- 
tion, as demonstrated by one experiment in 
which the base-to-apex change occurred 
only with removal of additional tissue. 

The uncertainty regarding the normal 
contribution of the right wall can be at- 
tributed in part to the fact that it has not 
always been considered apart from the 
contribution of the entire right ventricle. 
Although there is a substantial amount of 
activity in the free right wall early in QRS, 
the magnitude of the potential produced 
by this activity is lessened by oppositely 
directed depolarization in the septum. 
Nevertheless, it does appear that functional 
loss either of the free right wall or of the 
free right wall and septum should be 
electrocardiographically detectable, but it 
is not necessarily true that the presence or 
absence of activity in either or both of these 
structures could be detected on the basis 


CONTROL WALL REMOVED 


Fig. 3. Vectorial representation of initial direction of 
ventricular activation in the normal after removal of 
the right wall and after right bundle branch block. 
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of present standards for normalcy if no 
control tracing were available. 

Although cutting the right bundle after 
removal of the free right wall does not 
duplicate right bundle branch block or any 
other known clinical lesion, this maneuver 
provides some information concerning right 
septal depolarization in the dog. When the 
bundle is cut after the wall is removed, the 
QRS complex is prolonged by about 12 
milliseconds, between 25 and 33 per cent 
of the normal duration. It is thus clear that 
the right septum makes a sizable contri- 
bution to the QRS complex. This observa- 
tion provides further evidence against the 
claim’ that the septum depolarizes almost 
entirely from left to right. This finding 
does not limit the duration of right-to-left 
septal depolarization to 12 milliseconds, 
but this does appear to be a minimal 
duration of this phase of septal activity. 

The study reported on in this paper can 
be considered an extension of the investiga- 
tions of Jacobson and his co-workers,’ 
who used plots of the normal ventricular 
depolarization to predict the electrocar- 
diographic effects of lesions at various sites 
in the left ventricle. They then attempted 
to correlate these predictions with post- 
mortem studies on individuals who had had 
myocardial infarcts; Jacobson and his co- 
workers considered the correlation adequate 
or good. Although the lesion which we 
produced does not occur clinically, the 
amount of the tissue removed was definitely 
known, so that changes were easily cor- 
related with the plot of ventricular depo- 
larization. Like the previous investigators, 
we believe that we found a good agreement 
between the actual and predicted effects 
of the lesions. 

A significant finding during these studies 
was that thoracotomy alone does not alter 
the electrocardiogram if air is completely 
removed from the thorax. Similarly, Wilson 
and Meek® found that thoracotomy in 
acute canine experiments does not alter the 
bipolar limb leads. It follows that certain 
types of experiments which might super- 
ficially seem to require chronic experi- 
mentation can be acutely performed. 
Our experiments leave unanswered two 
important questions. (1) Why is the early 


portion of QRS usually unchanged in the 
clinical syndrome characterized by marked 
prolongation of QRS with forces directed 
to the right late in the complex? (2) What 
types of lesions account for the clinical 
syndromes in which depolarization is some- 
what prolonged but not so greatly pro- 
longed as in experiments in which the right 
bundle is cut? 


Conclusions 


The direction of depolarization in the 
first half of QRS is directed more to the 
left and basally after removal of the free 
right ventricular wall in the perfused dog 
heart and in the intact dog. The right sep- 
tum contributes significantly to the QRS, 
since cutting the right bundle after the 
wall was removed changed the first part of 
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most of the electrocardio- 
graphic deflections have been studied 
by vectorcardiography, we are not aware 
of any systematic study on the U vector 
loop or arc. This is because the U loop is 
very small and merges with the ST-T and 
P loops and the initial and terminal portions 
of the QRS loop. The method of differential 
vectorcardiography! has enabled us to 
study the morphology of the U loop. In 
this research the characteristic features 
of the U loop of the normal heart and of 
left ventricular hypertrophy were studied. 


Materials and methods 


U-loop vectorcardiograms were obtained 
from 61 subjects. These subjects showed 
a pulse rate of around 60 to 80 per minute. 
Those with a faster pulse rate were excluded 
because of the difficulty of dissecting the 
U loop. All subjects had a sinus rhythm. 
Of these, 30 were normal healthy subjects 
and the other 31 had left ventricular hyper- 
trophy. Their ages and sex distribution are 
shown in Table I. Most of the former group 
were medical students and house officers. 
In the latter group the diagnosis of left 


Table 1. Age and sex distribution of all of our subjects 


Age (years) Total 
| number 
Diagnosis Sex | | | | | of 
| 11-20 | 21-30 | 31-40 | 41-50 | 51-60 | 61-70 | 71-80 | subjects 
| 
Normal Male : 2 1 — — — 27 q 
Female 1 1 — — 1 3 
Left ventricular hypertrophy Male — 2 — 5 10 6 1 24 ; 
Female — — — 2 4 1 _ 7 
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ventricular hypertrophy, and mostly dila- 
tation, was made on the basis of chest 
roentgenograms, conventional 12-lead elec- 
trocardiograms, and the results of physical 
examination, including determination of 
blood pressure, in each subject. This group 
was composed of 23 cases of essential hyper- 
tension, 2 cases of renal hypertension, 1 
case of mitral insufficiency, and 1 case of 
combined valvular disease. The other 4 
subjects showed a complication of myo- 
cardial infarction and were excluded from 
this study, which sought for the vector- 
cardiographic features due to ventricular 
overloading itself. 

Left ventricular hypertrophy was classi- 
fied tentatively into three grades according 
to its severity. Grade I included the cases 
in which slight left ventricular enlargement 
was noted on the chest roentgenograms 
and by physical examination. The electro- 
cardiograms either could not be said to 
show left ventricular hypertrophy or could 
be said to do so only after various measure- 
ments had been taken and checked with 
the criteria of left ventricular hypertrophy 
proposed by Sokolow and Lyon.? The cases 
in which only the roentgenogram or elec- 
trocardiogram revealed slight or moderate 
left ventricular hypertrophy were also in- 
cluded in this grade. Grade II included the 
cases in which moderate left ventricular 
enlargement was observed on the chest 
roentgenograms and by physical exami- 
nation. The electrocardiograms in these 
cases showed sufficient evidence of left 
ventricular hypertrophy, but the findings 
indicated a moderate hypertrophy, not 
presenting the typical S-T segmental de- 
pression and T-wave inversion. The cases 
in which two of the three items, i.e., the 
roentgenogram, electrocardiogram, and re- 
sults of physical examination, revealed 
moderate or fairly marked left ventricular 
hypertrophy were included in this grade. 
Grade III included the cases which showed 
marked left ventricular enlargement on the 
chest roentgenograms and by physical 
examination. The electrocardiograms in 
these cases revealed also marked left ven- 
tricular hypertrophy, showing S-T seg- 
mental depression and T-wave inversion. 
The cases in which all of the three items 
revealed moderate left ventricular hyper- 
trophy were also included in this grade. 


U vector loop or arc 803 


A 
Ss F H S F H 
No. 
{ 
2 
v 
aK, 
| of WW... +... 
7. 

4 

Normal type 
F H 
Were 
Cc a 
4 


Fig. 1. Diagrams of the T-U vector loops in all of 
our normal cases. Short solid lines with arrows on 
their tips show the U vector loops, and broken 
lines the T vector loops. Arrows indicate direction 
of inscription. Numbers show those of normal 
cases. S, Sagittal plane. F, Frontal plane. H, Hori- 
zontal plane. Almost all cases can be regarded as 
having a configuration such as that shown in B, 
which thus can be called the normal type. There 
were 7 exceptional cases, i.e., Case 24 through 
Case 30, which showed counterclockwise inscription 
of the T loop in the frontal plane. However, even 
in these cases the U loop does not look different from 
that of other normal cases, As for C, see text, 
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Table II. T-U vector loop of left ventricular hypertrophy. Summary of features in all three 
planes and relationship to the severity of left ventricular hypertrophy 


Abnormal T-U loop 


| T loop concordant with QRS, including 


| T loop discordant 


Grade of left ventricular Normal in all | cases of abnormality in U loop only with ORS 
hypertrophy planes 
| 
Abnormal in one Abnormal in all | Abnormal in any 
| or two planes planes | one of planes 
I 0 0 1 0 
II 1 9 + 3 
III 0 1 1 6 
Total number of cases 1 10 6 9 


Vectorcardiograms were taken in all 
cases by the method proposed by Frank.’ 
After the whole vector loop amplified at a 
magnification of 1 mv. to 0.7 inches was 
photographed, in each case, the monitor 
electrocardiograms of our dissecting ap- 
paratus! were dissected from the beginning 
of the T wave to the end of the U wave, 
and the corresponding part of the vector 
loop was amplified to the higher magni- 
fication of 1 mv. to 2.8 inches and photo- 
graphed. This part of the vector loop will 
be called the 7-U vector loop in this paper. 
Next, only the U wave was dissected and 
its loop was also photographed at this 
higher magnification. Three planar pro- 
jections were always photographed at the 
same time. Simply taking pictures was not 
sufficient to reveal the direction of inscrip- 
tion of the U loop, and careful observation 
of the dissected U loop or T-U loop on the 
cathode-ray oscilloscope was usually neces- 
sary. The time-constant of our vector- 
cardiograph was arranged so as to be as 
long as 2.8 seconds, in order to avoid dis- 
tortion of such minute loops. 


Results 


By means of dissection the U loop could 
be noticed after accumulated experience 
in all except one case, in which no definite 
direction of the beam-spot movement 
could be noticed because it was too minute. 

After the T loop was inscribed, the beam- 
spot appeared to stay for a moment at the 
T-U junction, which corresponds to the 
T-U segment of the electrocardiogram; then 


the U loop was inscribed much more slowly 
than the T loop. Thus, the T-U junction 
was always clearly identified. 

The U loop of normal subjects resembled 
a small, slightly curved club and was in- 
scribed almost in the direction of continu- 
ation of the terminal limb of the T loop. 
Slight bending occurred, especially in the 
sagittal plane, at the T-U junction, dif- 
ferentiating the U loop from the T loop. 

According to the configuration just 
described, a term such as U vector segment, 
or U vector arc, might be preferable to the 
term U vector loop. However, since none 
of the other components of the vectorcardi- 
ogram have been so called, even though, 
for instance, some abnormal ST-T loops 
are actually arc-shaped, the term Joop was 
used in this paper. 

The T loop of normal subjects was di- 
rected to the left, inferiorly, and anteriorly, 
or slightly posteriorly in its long axis. It 
was inscribed clockwise in the frontal 
plane and counterclockwise in the hori- 
zontal and left sagittal planes. 

From a glance through the tracings of 
Fig. 1,A, all from the normal subjects of 
this study, it can be realized that the in- 
scription of the U loop in continuation of 
the terminal limb of the T loop, together 
with the above-mentioned direction of 
inscription of the T loop, forms the charac- 
teristic feature of the normal T-U loop, 
which can be shown by the diagram in B 
of Fig. 1. (The vector loop from the be- 
ginning of the T loop to the end of the U 
loop is designated as the 7-U Joop in this 
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paper.) An example of this feature in a 
loop from a normal subject is seen in Fig. 2. 
Loops from all of our normal subjects 
showed this feature, except in 7 cases in 
which there was counterclockwise inscrip- 
tion of the T loop in the frontal plane. 
Even in these subjects the U loop was in- 
scribed in continuation of the terminal 
limb of the T loop as in other normal sub- 
jects (Fig. 1,A). 

When the end of the U loop is considered 
as the null point of the whole vector loop, 
the T-U junction vector, namely, the 
vector from the null point to the junction 
between the T loop and the U loop, was 
directed to the left, inferiorly, and mostly 
anteriorly. The distribution of this vector 
in normal subjects is shown in Fig. 3,A, in 
which the end points of these vectors were 
plotted, taking their magnitude into con- 
sideration. 

It is shown that the vectors are distrib- 
uted mostly in a certain limited extent, 
ranging from 0 to +90 degrees in the frontal 
and horizontal planes and from +90 to 
+180 degrees in the left sagittal plane. 
In A and B of Fig. 3, only those cases in 
which the vectorcardiograms were well 
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photographed were chosen for measure- 
ment, but the discarded cases showed a 
similar tendency. 

Which point of the U vector loop corre- 
sponded to the peak of the U wave of the 
electrocardiogram offered a difficult prob- 
lem. It could never be clearly identified. 
However, when the dissection was made 
from some points of the T wave to the peak 
of the U wave in the monitor electrocardio- 
gram, the vector loop ended not far beyond 
the T-U junction, but rather close to it. 
Graphical derivation of the T-U loop from 
component electrocardiograms showed a 
slight return movement at the beginning 
of the U loop in many cases, as is shown in 
Fig. i,C, where the tip of the return move- 
ment, indicated by white arrows, corre- 
sponds to the peak of the U wave. However, 
in none of our cases was such a return move- 
ment definitely visible on the actual cath- 
ode-ray oscilloscope or in the photographs. 
It was presumed that the apparent stay 
of the beam-spot at the T-U junction for 
a moment might be due to this return 
movement in some cases, which could be 
clarified at a magnification higher than 
ours. The fact that the T-U junction was 
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Fig. 2. An example of the T-U loop of a normal 29-year-old man. Arrows show the direction of inscription of 
the vector loop. A, The entire loop. B, The T-U vector loop dissected. In the diagram, short solid lines with 
arrows on one end show the U loop, and the broken lines show the T loop. C, Only the U vector loop was 

ssected. D, Conventional electrocardiograms taken at standard sensitivity. F, S, and H denote frontal, 
and horizontal planes. 
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Fig. 3. Distribution of the T-U junction vectors of normal cases (A) and cases of left ventricular hypertrophy 
(B). When the T vector is discordant with the QRS vector, the T-U junction vector may have a significance 
different from that when the T vector is normal or concordant with the QRS vector, even if by chance both 
have the same direction. Therefore, the T-U junction vectors with the discordant T vector are indicated by 
open circles while others are indicated by closed circles. (For the purposes of this study, when the difference 
between the long axis of the T and QRS loops in a plane was more than or equal to 120 degrees, the T loop 
or vector was arbitrarily said to be discordant with the QRS loop or vector, and concordant when the difference 
was less.) A transverse bar at the left lower corner of the figure indicates the magnitude of 0.1 mv. S, F, and 


H denote sagittal, frontal, and horizontal planes. 


so clearly identified may be due to this 
tendency. Anyway, since the point of the 
U loop, corresponding to the peak of the 
U wave, was close to the T-U junction, and 
since the recognized U loop was like a small, 
slightly curved club, the direction of the 
U vector, i.e., the vector from the null 
point to the point corresponding to the 
peak of the U wave, was presumed to be 
almost the same as the T-U junction vector. 

In cases of left ventricular hypertrophy, 
on the contrary, the U loop began with a 
marked bend at the T-U junction and ex- 
tended in various directions, resembling 
also a small curved club, but sometimes 
much larger than normal U loops. In Fig. 4, 
all the cases of left ventricular hypertrophy 
are classified according to the manner in 
which the U loop joined together with the 
features of the T loop in each plane, and 
two actual examples are shown in Figs. 5 


and 6. Sometimes the U loop was inscribed 
as in normal cases in the continuation of 
the terminal limb of the T loop, but in such 
cases of left ventricular hypertrophy the 
T loop itself was abnormal, either in the 
direction of inscription of the loop or in 
the direction of its long axis, whether it 
was concordant or discordant with the 
ORS loop. Because of such bending at the 
T-U junction or of the abnormal direction 
of the long axis of the T loop, the direction 
of the T-U junction vector and the U vector 
was in many cases different from that in 
normal cases and was distributed widely, 
as is shown in Fig. 3,B. Thus, if the whole 
T-U loop is considered, few cases retained 
normal features as shown in Fig. 1,B. 
Actually, we could find only one case which 
retained normal features in all three of the 
planar projections among the 27 cases of 
left ventricular hypertrophy, as is seen in 
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Table II. In a few other cases, normal 
features were retained in one projection, 
whereas abnormal features were observed 
in other projections. 

Furthermore, the following tendency 
can be observed from Fig. 4 and Table II: 
in the group of cases which retained normal 
features in any one of the planes, or which 
showed abnormality in the U loop only, 
or which showed abnormality somewhere 
in the T-U loop but had the T loop con- 
cordant with the QRS loop, there were 
more cases of relatively slight or moderate 
left ventricular hypertrophy; whereas in 
the group in which the T loop. was dis- 
cordant with the QRS loop there were more 
cases of relatively marked left ventricular 
hypertrophy (Fig. 6). 

In our cases of left ventricular hyper- 
trophy, 5 showed a negative U wave and 7 
showed a negative T-U segment in the 
electrocardiograms. In all of these the U 
loop began with a marked bend at the 
junction and was abnormally directed. 
It was noteworthy, however, that cases in 
which the electrocardiograms did not show 
any U-wave abnormalities revealed such 
U-loop abnormalities just as markedly 
(Fig. 5). 


Discussion 


Since almost all of the subjects with left 
ventricular hypertrophy showed more or 
less of an abnormality of their T-U loop, 
this finding was quite useful for diagnostic 
purposes. In our cases there were many 
subjects who showed no (or minute) evi- 
dence of left ventricular hypertrophy in 
electrocardiographic deflections in spite of 
definite evidence of left ventricular enlarge- 


- ment in the chest roentgenograms. A study 


of the T-U loop in such cases revealed al- 
most all of them to have some abnormality. 
Therefore, in the later stage of this study 
we could predict whether the subject was 
normal or not by examining the U loop 
first. To some extent we could also predict 
the presence of left ventricular hyper- 
trophy. However, we cannot say whether 
or not such abnormality of the U loop is 
due to left ventricular hypertrophy. Some 
abnormalities of the U loop indicated old 
myocardial infarction or other cardiac 
diseases rather than left ventricular hyper- 
trophy. Although the afore-mentioned ab- 
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normalities seemed to differ from the latter, 
we are not able to correlate specific con- 
figuration of the U loop with the various 
disease states as yet because of our limited 
experience. 

That the actual U vector loop does not 
usually constitute a closed loop differs 
from our primary expectation, as well as 
that of Furbetta and his associates.‘ The 
reason for this is not completely clear. How- 
ever, when the component electrocardio- 
grams were examined at the high magnifi- 
cation of 1 mv. to 2.8 inches on the cath- 
ode-ray oscilloscope, the T-U segment was 
frequently not coincident with the base 
line. Even when it was on the base line in 
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Fig. 4. Diagrams of the T-U vector loops of left 
ventricular hypertrophy. They were classified on 
the basis of configuration. Number of cases of each 
grade of left ventricular hypertrophy which showed 
such configuration is listed in this table. In the 
diagram of the vector loop, T loops are shown by 
broken lines, and U loops are shown by short solid 
lines with arrows on one end. 
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Fig. 5. An example of the T-U loop of left ventricular hypertrophy. A case of renal hypertension in a 54-year-old 
woman. Figure arrangements and abbreviations are the same as in Fig. 2. Major abnormality lies in the direc- 
tion of the U loop. In this case the electrocardiogram is almost within normal limits, including the U-wave 
finding, as shown in D, in spite of the fact that the roentgenogram and physical examiation showed marked 
left ventricular enlargement, with systolic pressure of 178 and diastolic pressure of 98 mm. Hg. However, the 


U vector loop is definitely abnormal. 


one component, it was usually not so in the 
other component perpendicular to this. 
When an electrocardiograph with a shorter 
time-constant is employed, the end of an 
actual upright T wave may be recorded 
more depressed, which may make an ac- 
tually elevated T-U segment consistent 
with the base line. 

Negative U waves of the electrocardio- 
gram have been regarded by some authors 
as a more advanced sign than other elec- 
trocardiographic abnormalities. For ex- 
ample, Kemp and his associates®> noticed 
that negative U waves were found in cases 
of more severe hypertensive heart diseases, 
and stated that in the evolution of the “‘left 
ventricular strain’’ pattern the inversion 
of the U wave is a late event that follows 
the inversion of the T wave by a certain 
time lag. They also observed that in the 
few cases in which an inverted U wave 
followed a positive T wave, morbidity and 
mortality were very high. Our clinical 
experiences were consistent with theirs to 
some extent. However, our present study 
suggested that the abnormality of the U 
vector loop developed long before the ap- 


pearance of various other electrocardio- 
graphic abnormalities, including not only 
those of the U wave but also those of the 
T wave. Actually, abnormalities of the U 
loop alone appeared in cases of left ven- 
tricular hypertrophy of rather slight de- 
gree. Negative U waves in the electrocardi- 
ograms can be regarded as a terminal event 
in the evolution of the changes in the U 
vector loop. Therefore, it is natural that 
they have grave prognostic significance. 
On the other hand, abnormalities of the U 
loop alone can thus be employed to dis- 
cover earlier stages of left ventricular 
hypertrophy. 


Summary 


1. U-loop vectorcardiograms were ob- 
tained from 30 normal subjects and from 31 
subjects with left ventricular hypertrophy, 
by the method of differential vectorcardiog- 
raphy. Four of the subjects with left ven- 
tricular hypertrophy were excluded from 
the present study because of the complica- 
tion of myocardial infarction. 

2. The U loop of normal subjects 
showed a constant configuration. It re- 
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Fig. 6. Another example of the T-U loop of left ventricular hypertrophy. A case of essential hypertension in a 
67-year-old man. Figure arrangements and abbreviations are the same as in Fig. 2. The T loop is discordant 
with the QRS loop, and the U loop is also abnormal in its direction. The electrocardiogram showed marked 
left ventricular hypertrophy, with negative U waves in Lead Vs and negative T-U segments in Leads V3, V4, 
and V;. The roentgenogram and physical examination also revealed marked left ventricular enlargement. 


sembled a small, slightly curved club and 
was inscribed almost in the direction of 
continuation of the terminal limb of the 
T loop, so that a term such as U vector 
segment or U vector arc might be preferable 
to the term U vector loop. The T-U junction 
vector was directed to the left, inferiorly, 
and mostly anteriorly. This finding of the 
U loop, together with that of the T loop, 
which was inscribed clockwise in the frontal 
plane and counterclockwise in the hori- 
zontal and left sagittal planes, with its 
long axis directed to the left, inferiorly, 
and slightly posteriorly or anteriorly, con- 
stituted characteristic features of the 
normal T-U loop. 

3. The U loop of left ventricular hyper- 
trophy began with a marked bend at the 
T-U junction and extended in various 
directions, resembling also a small curved 
club, but sometimes much larger than 
normal U loops. Occasionally, the U loop 
was inscribed as in normal cases, in con- 
tinuation of the terminal limb of the T 
loop, but in such cases the T loop itself 
was abnormal. All cases of left ventricular 
hypertrophy showed such a feature of the 
T-U loop in at least one planar projection; 
there was one exception, however, a case 


in which normal features were retained in 
all three planes. 

4. There was a tendency toward rela- 
tively slight left ventricular hypertrophy 
in those cases which retained normal fea- 
tures in any one of the planes or those 
which showed abnormality in the U loop 
only, whereas there was relatively marked 
left ventricular hypertrophy in those cases 
which showed a distinct abnormality also 
in the T loop. 

5. Such U-loop abnormalities were al- 
ready evident in the early stage cf left ven- 
tricular hypertrophy when there were no 
(or minute) evidences of it in ordinary elec- 
trocardiograms, including the U-wave 
changes. Thus, they are useful for diag- 
nostic purposes in detecting slight left 
ventricular hypertrophy. 

The authors wish to express their appreciation 
to Mr. Hisashi Ohshima for technical assistance. 
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Case 
reports 


Functionally corrected 


transposition of the great vessels 
without significant associated defects 


Allan H. Goodman, B.A.* 
William J. Kuzman, M.D.** 
San Diego, Calif. 


Wi recent years, corrected trans- 
position of the great vessels has 
been reported with ever-increasing fre- 
quency. Since Von Rokitansky! first dis- 
cussed the anomaly in 1875, it has been 
reported and reviewed many times in the 
world literature. Harris and Farber? re- 
viewed 17 cases in 1939, and presented a 
detailed discussion of some of the leading 
embryologic theories. Subsequent reviews 
by Cardell,’ by Anderson and associates,’ 
and most recently by Malers and associates® 
have begun to delve into the clinical and 
physiologic findings associated with this 
cardiac anomaly. 

Corrected transposition is generally con- 
sidered to exist when, in addition to the 
reversed anterior-posterior relationship of 
the aorta and pulmonary artery found in 
uncorrected transposition, there is associ- 
ated mirror-image reversal. This mirror- 
image reversal can occur along the cardiac 
axis either at the level of the atrium, 
ventricle, or bulbus and is spoken of as 
“inversion.”’ The distinction between in- 
version and transposition is made on an 
embryologic as well as a descriptive basis.°® 
lo qualify as corrected transposition this 


inversion must permit venous blood to 
enter the transposed pulmonary artery and 
then the lungs. The freshly oxygenated 
blood must then travel through its respec- 
tive side of the inverted portion of the 
heart to the transposed aorta and thence 
to the systemic circuit. On the basis of this 
concept, several articles?-? have described 
the four possible types of inversion of the 
cardiac axis which converts transposition 
of the great vessels into ‘“‘corrected trans- 
position of the great vessels.’’ These are: 
(1) bulbus inversion; (2) sinoatrial and 
ventricular inversion; (3) bulboventricular 
inversion; and (4) sinoatrial inversion. 
Malers® reported that 33 of 44 cases of 
corrected transposition for which anatomic 
types were recorded were of the bulbo- 
ventricular type. Other authors*** have 
concurred that this is probably the most 
common variety. 

Fig. 1 illustrates the normal heart in 
comparison with transposition with bulbo- 
ventricular inversion. As indicated in the 
bulboventricular type, the posteriorly 
placed pulmonary artery arises from a 
right-sided ventricle with the morphologic 
features of a normal left ventricle. The 
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Fig. /. Diagrammatic illustration of the relationship 
of the various heart chambers and great vessels in 
the normal heart and in corrected transposition with 
bulboventricular inversion. 


atrioventricular valve on this side resembles 
a normal mitral valve. The anomalously 
placed aorta, in turn, arises from the re- 
versed type of situation. 

Malers’ further classification of ‘“‘func- 
tionally totally corrected transposition”’ 
is useful and includes only those cases with- 
out associated shunts.® This means that the 
aorta now receives only fully oxygenated 
blood. In corrected transposition accom- 
panied by a shunt, unsaturated blood may 
be delivered into the aorta, so that the 
transposition is not totally ‘‘functionally”’ 
corrected. 

We present a case of “‘functionally totally 
corrected transposition of the great vessels,”’ 
without any significant associated defects. 
These criteria have been met by only 6 
of the 74 cases reviewed by Malers and 
associates,* and the diagnosis was elucidated 
by autopsy in each instance. Review of the 
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literature failed to disclose a single case 
which had been correctly diagnosed clin- 
ically. Our patient has been closely followed 
up by his referring physician and has been 
clinically diagnosed at our Center. We 
present this report in the hopes that our 
findings, some of a different nature than 
previously reported, may shed additional 
light on the clinical and diagnostic features 
of corrected transposition by itself. Ac- 
cordingly, it is our hope that these findings 
will aid others in uncovering an interesting 
cardiac abnormality which may be more 
common than was heretofore suspected. 


Case report 


This 11-year-old boy was first seen at the San 
Diego County Heart Center in December, 1959, 
for diagnostic studies. He was born of a normal 
pregnancy and labor, and growth and development 
have always been normal. Unconfirmed reports 
cited a murmur which was heard when he was 8 
months old. He remained asymptomatic and was 
first seen by his referring cardiologist in March, 
1953. At that time the findings were an accentuated 
second sound at the pulmonic area, with a Grade 2 
(on the basis of 1-6) systolic murmur, best heard in 
the third intercostal space, along with a soft diastolic 
blowing murmur in the same area. X-ray films and 
fluoroscopic studies at this time revealed a globular 
heart shadow, marked fullness in the area of the 
pulmonary artery, and an unusual prominence of the 
left superior cardiac border. 

The patient continued to remain asymptomatic; 
he did well in school and was able to participate in 
moderately active sports. In October, 1959, it 
was thought that the second sound in the second left 
intercostal space had become markedly accentuated. 
The latter was clinically interpreted as evidence to 
indicate increasing pulmonary hypertension, and 
catheterization was arranged. Review of the cardio- 
respiratory system gave entirely negative findings. 


Fig. 2. Phonocardiogram showing short systolic murmur, accentuated second sound, and decrescendo diastolic 


murmur. 
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Past medical history and family history were non- 
contributory. 

Physical examination revealed an alert 11-year- 
old boy in no distress and without gross abnormali- 
ties. Cyanosis was not evident. The blood pressure was 
recorded in both upper extremities at 110/75 mm. Hg, 
with similar values in the right leg. The pulse was 
84, and respirations were 16. The patient was in the 
sixtieth percentile for height, and the fortieth 
percentile for weight. Examination of the head and 
neck revealed no abnormal arterial or venous pulsa- 
tions. The hepatojugular reflex was negative. Posi- 
tive findings were confined to the cardiopulmonary 
system, where minimal left precordial asymmetry 
was noted. The chest was clear to percussion and to 
auscultation. The point of maximal impulse was 
located in the fifth intercostal space outside the 
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mid-clavicular line, was forceful in nature, and 
suggestive of left ventricular enlargement. In addi- 
tion, there was a definite lift to the lower portion 
of the sternum, such as one associates with right 
ventricular hypertrophy. A striking lift and closure 
tap were also noted in the second left intercostal 
space. Heart tones were audible at all valvular areas, 
and the second sound was markedly accentuated 
in the second left intercostal space, without detect- 
able splitting. A Grade 2 systolic murmur was heard 
maximally in the second left intercostal space, and 
was transmitted to the apex and through to the 
back. Most noticeable in the second left intercostal 
space was a Grade 4 decrescendo diastolic blowing 
murmur immediately following the markedly ac- 
centuated second sound. The murmur was trans- 
mitted down along the left sternal border and could 


= 


Fig. 3. Routine 13-lead electrocardiogram with portions half-standardized. Note tall R 
waves in Leads I and aV1, with abnormal R-T ratio in Lead aV1, suggesting left ven- 


tricular hypertrophy. 
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Fig. 4. Posterior-anterior view of chest with barium 
swallow. See text for description. 


Fig. 5. Pressure tracing from right ventricle and 
pulmonary artery. No insufficiency suggested. 


be heard at the tricuspid area as well as at the left 
infraclavicular area. The peripheral pulses were 
regular and of normal quality, without any peripheral 
signs to suggest aortic insufficiency. The remainder 
of the physical examination as well as laboratory 
studies gave unremarkable findings. 

A phonocardiogram (Fig. 2) substantiates the 
auscultatory findings. The electrocardiogram (Fig. 3) 
demonstrated a normal rate and rhythm. The P-R 
and QRS intervals were within normal limits. The 
findings showed definite left ventricular hypertrophy 
with associated “strain pattern” as noted in Lead 
aV.. The R-R complexes in Leads V3r and V; were 
attributed to rotational changes, and this was also 
reflected in Leads V; and V¢, as shown by the slurred 
Sve with transition zone shifted to the left. A normal 


Fig. 6. 
catheter entering from left basilic vein and terminat- 


Posteroanterior projection. Spot film of 


ing in right pulmonary artery. 


Fig. 7. Lateral projection of catheter, as in Fig. 6. 


progression of the R wave was present across the 
precordial leads. The P-wave inversion in Leads 
II, III, and aVr was thought to represent a normal 
variant; however, the possibility of an ectopic 
supraventricular pacemaker could not be ruled out. 

Fluoroscopy demonstrated a globular heart with 
a prominent, elongated, and convex left superior 
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Table |. Cardiac catheterization data 


Pressure 
(mm. Hg) | Oxygen | Oximetry 


Location | systolic/dia- | (vol. %) | (double 

| stolic—mean | ( Van Slyke) scale) 

SVC — 11.37 72.4 
IVC 11.98 78.0 
Right atrium 5/3 —S5 11.22 71.0 
Right ventricle 23/5 —11 11.61 72.3 
MPA 19/12—5 11.67 72.3 
Brachial artery 127/69—88 15.61 95.0 


(94.2% sat.) 


Cardiac index: 4.56 L./min./M.? 

Pulmonary index: 4.56 L./min./M.2 

Total pulmonary resistance: 223 dynes sec./cm. 5 
Total peripheral resistance: 1,308 dynes sec./cm. 5 


cardiac border. Forceful pulsations were seen most 
strikingly in the area normally occupied by the main 
pulmonary artery; however, this represented vig- 
orous aortic pulsations. A posterior-anterior view 
of the chest (Fig. 4) showed a normal transverse 
cardiac diameter, and the medially placed pulmonary 
artery caused a characteristic notch on the barium- 
filled esophagus. The proximal indentation was that 
caused by the transverse portion of the aorta. Ap- 
propriate lateral views of the chest demonstrated 
minimal encroachment on the retrosternal space as 
well as some posterior displacement by the ventric- 
ular mass. Selective right or left ventricular enlarge- 
ment could not be distinguished from the conven- 
tional films. 

Catheterization and angiocardiography. Cardiac 
catheterization (see Table I) with angiocardiography 
was performed on Dec. 22, 1959. Pressures and 
samples from the entire right side of the heart and 
peripheral arteries were normal. Neither main 
pulmonary arterial, right ventricular, or brachial 
arterial pressure curves suggested insufficiency of 
either the pulmonic or aortic valves (Fig. 5). No in- 
tracardiac shunts were demonstrated. The abnormal 
path of the catheter was the only remarkable finding. 
A posteroanterior view (Fig. 6) showed the catheter 
entering an apparently normally placed right atrium, 
making a sharp bend over the spine, and exiting into 
the pulmonary artery through the medially placed 
location of the latter vessel. The lateral view (Fig. 7) 
showed the catheter again in the normal region of a 
right atrium, entering the right ventricle but then 
making a sharp-bend exit from a posteriorly placed 
pulmonary artery. Frontal and lateral angiocardio- 
grams were obtained. Lateral views (Fig. 8A) 
showed the opacification of the right-sided atrium 
and ventricle in normal sequence. The right-sided 
ventricle showed a smoothness of the walls, with 
lack of a well-defined infundibulum and with a 
‘tail-like” apex. The pulmonary artery was given 
off posteriorly. Opacification of the left-sided atrium 
and ventricle (Fig. 8B) were in normal sequence, 
with the endocardial surface appearing more trabecu- 
lated than the “right-sided ventricle.” There was a 


Fig. 8A. Lateral angiocardiogram with injection via 
cardiac catheter. Right-sided events. See text for 
discussion. 


Fig. 8B. Lateral angiocardiogram, visualizing left 
heart and aorta. 
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Fig. 9A. Frontal angiocardiogram, showing right 
heart and lesser circulation. See text for full de- 
scription. 


Fig. 9B. Frontal angiocardiogram, illustrating left 
heart and aorta. 


well-defined infundibulum at the outlet of the an- 
teriorly placed aorta. Frontal views (Fig. 9A) 
demonstrated a medially placed pulmonary artery. 
A later view (Fig. 9B) showed the aorta arising from 
a left-sided ventricle in which a sharply demarcated 
infundibulum could be identified, as well as the above- 
mentioned increased trabeculations. The angio- 
cardiograms were thought to demonstrate “corrected 
transposition” of the great vessels with ventricular 
and bulbus inversion. 


The asymptomatic course of this 11-year- 
old boy demonstrates a possible reason for 
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the paucity of reports of ‘“‘functionally 
totally corrected transposition’’ without 
significant associated defects. The 6 cases 
reviewed by Malers® were diagnosed at 
autopsy; the ages of the patients ranged 
from 26 to 60 years, with indications that 
at least 2 out of the 6 died of noncardiac 
causes.°'* 

We have attributed the diastolic murmur 
to probable pulmonic insufficiency, while 
keeping in mind the failure to demonstrate 
this at catheterization. The long-term clini- 
cal consequences of pulmonic insufficiency 
as noted in a recent article by Collins 
and associates® are not usually considered 
to be serious. 

An electrocardiographic finding worthy 
of comment in our patient is the absence of 
atrioventricular block. Varying degrees of 
atrioventricular block was often noted as an 
important electrocardiographic diagnostic 
feature in most previous case reports de- 
scribing corrected transposition.* The 
left ventricular “‘strain’’ pattern also merits 
comment in view of the speculation that 
this may well be associated with the fact 
that an anatomic right ventricle is handling 
the systemic load. It is also worthy of 
note that except for the physical signs of 
increasing pulmonary hypertension, which 
are probably due to the unique anatomic 
arrangement, this patient’s condition might 
not have been diagnosed at this time. Suffice 
it to say, that angiocardiography accom- 
panied by the anomalous route of the 
catheter on the right side of the heart are 
the final means of diagnosis. 

We conclude this report with the observa- 
tion that the heart is normally a well- 
designed and durable pump. It has in the 
case of this boy, by a unique variation 
which Nature seldom allows, recreated its 
arrangement to perform its total function 
adequately merely by substitution and 
rearrangement of parts. An anatomic right 
ventricle pumping at a systemic pressure 
leaves to pure speculation how long this 
patient’s variation can continue to dupli- 
cate nature’s normal arrangement. 


Summary 

The various clinical, electrocardiographic, 
radiologic, angiocardiographic, and cardiac 
catheterization features in a case of ‘‘func- 
tionally totally corrected transposition’ 
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without any associated defects are pre- 
sented. To our knowledge, this is the first 
case in which detailed studies are available 
and in which a diagnosis has been feasible 
ante mortem. : 


The authors wish to thank Dr. William C. Cooke 
for the privilege of studying his patient, and Mr. 
Harold W. Hartman for his aid in preparing the 
manuscript. 
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Sung T. Han, M.D. 
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abscesses are distinctly un- 
common, and standard textbooks 
of cardiology fail to even mention them.! 
Nevertheless, they have been known to 
follow either hematogenous dissemination 
of bacteria from a distant focus or local 
extension from bacterial endocarditis.?“"' 
They are said to be found in from 0.2 to 0.5 
per cent of the total number of autopsies 
in a large institution. For the most part, 
these abscesses are small, and recently we 
had the opportunity to see a case of multiple 
miliary abscesses of the interventricular 
septum due to an overwhelming staphylo- 
coccal (Staphylococcus aureus, bacterio- 
phage type 80, 81) pneumonia. Similarly, in 
bacterial endocarditis, focal aggregations of 
phagocytes in the heart and various organs, 
with or without an associated nidus of ne- 
crosis, are a common finding,!:7” but large 
myocardial abscesses are extremely rare.® 
In the present communication we report 
the occurrence of a large myocardial ande 
huge splenic abscess complicating a fatal 
case of enterococcal endocarditis. The clini- 
cal and pathologic data are discussed with 
respect to the pathogenesis of the various 
manifestations of the disease. 


Case report 


The patient was a 52-year-old para IV, gravida 0 
Puerto Rican woman who was admitted to Lincoln 


Hospital with the complaints of vomiting, general- 
ized weakness, and epigastric pain that had been 
present for 3 days. 

The patient admitted to consuming moderate 
amounts of alcohol over a period of many years, 
and in 1956, she underwent a subtotal gastrectomy 
and gastrojejunostomy at another hospital because 
of “an ulcer.”” At operation a liver biopsy was 
performed and was reported to show Laennec’s 
cirrhosis. Since then she had been asymptomatic 
until 2 to 3 weeks prior to admission. At that time 
she first noticed generalized painless abdominal 
enlargement which tended to progress until the 
time of admission. In the 3 days prior to admission 
there had been repeated vomiting, weakness, swell- 
ing of both legs, anorexia, periodic sharp epigastric 
pain, and headache. As far as is known, there was 
no history of heart disease, rheumatic fever, short- 
ness of breath, hemoptysis, chest pain, or recent 
hematemesis. 

Physical examination at the time of admission 
revealed a well-developed Puerto Rican woman in 
no distress. The temperature was 99.0°F. rectally. 
Blood pressure was 130/80 mm. Hg. Pulse was 110 
and regular. Respirations were 22. Several spider 
angiomata were seen on the chest. The sclerae were 
not icteric and did not show petechiae. The lungs 
were clear. Cardiac examination failed to reveal 
any murmurs or other abnormalities. The abdomen 
was protuberant and its surface showed engorged 
superficial veins and a healed midline surgical scar. 
The flanks were dull to percussion, and a fluid wave 
was elicited. The edge of the liver was palpable 
5 fingerbreadths below the costal margin; its surface 
was firm and irregular. The spleen was not palpable. 
There was ne peripheral edema. 

At the time of the patient’s admission the blood 
count showed a pancytopenia with a hemoglobin 
of 7.8 Gm. and a white blood cell count of 2,400. 
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Fig. /. Cross section through the posterior wall of the 
left ventricle, showing the blood-filled myocardial 
abscess cavity, 2.5 cm. in diameter. The arrow 
points to the sinus tract connecting the abscess 
with the left ventricular chamber. Note that only 
a thin rim of myocardium separates the abscess from 
the pericardial space. 


The differential count was normal. The liver profile 
indicated hepatocellular damage. The chest x-ray 
film revealed a normal cardiac silhouette and normal 
lung fields. The electrocardiogram was within normal 
limits. 

Her protracted hospital course was stormy, 
complicated, and progressively downhill. Shortly 
after admission she became acutely ill, with a 
persistent fever of 100-104°F. A Grade 3 apical 
systolic murmur appeared, and left heart failure 
supervened. Gradual and progressive enlargement 
of the spleen occurred. She developed a_ small 
hematoma of the leg and several subconjunctival 
hemorrhages, pneumonia, focal seizures with left- 
sided symptoms, left hemiplegia, bilateral cortical 
dysrhythmia on the electroencephalogram, pro- 
gressive anemia, positive stool guaiacs, pyuria and 
hematuria, mild azotemia, intermittent leukopenia 
and thrombocytopenia, and acute left upper quad- 
rant pain. Serial cultures of blood and urine were 
positive for enterococci. She was treated with 
massive doses of penicillin and large doses of 
oxytetracycline, novobiocin, chloramphenicol, and 
streptomycin—alone and in combination—and she 
became afebrile during the last 6 weeks of her 
hospitalization. Clinically, though, she continued 
to deteriorate. Serial electrocardiograms showed 
only sinus tachycardia, and, terminally, multifocal 
ventricular premature contractions. On the one 
hundred and tenth day after admission the patient 
died. 

Autopsy. The most striking findings on post- 
mortem examination were in the heart and spleen. 

The heart weighed 400 grams. The pericardium 
was unremarkable and the pericardial cavity con- 
tained only 20 c.c. of fluid. Grossly, the right atrium 
and tricuspid valve were normal. The right ven- 
tricular wall measured 1 cm. in thickness. The left 
atrium was approximately three times normal in size 
and its wall was thickened. The circumference of the 
mitral valve was slightly narrowed to 8 cm. The 
mitral leaflets were thickened and sclerosed, and 
their atrial surfaces were partially ulcerated and 


studded with small vegetations, 0.8 cm. in diameter. 
Microscopic sections of the leaflets revealed the 
changes of an old calcific rheumatic valvulitis with 
a superimposed acute inflammatory element; no 
bacteria were noted. The capacity of the left ven- 
tricular chamber was decreased. The papillary 
muscles of the left ventricle were hypertrophic and 
their chordae tendineae were shortened and _ thick- 
ened. The left ventricular wall was thickened to 
2.3 cm. A clot of blood was attached to the under- 
surface of the posterior mitral leaflet, and was 
pocketed in the space bounded posteriorly by the 
posterior ventricular wall, superiorly by the posterior 
mitral leaflet, and anteriorly by the associated 
papillary muscles and chordae tendineae. Sectioning 
through this area showed that this blood clot was 
continuous via a sinus tract with a_blood-filled 
abscess cavity contained within the posterior ven- 
tricular wall. This cavity measured 2.5 by 1.5 by 1 
cm. Surrounding this large abscess cavity were 
several small satellite abscesses. Microscopic sections 
through the myocardium adjacent to the large 
abscess cavity showed extensive hyalinization and 
fibrosis, and calcified emboli within many of the small 
branches of the coronary arteries. The remainder 
of the left ventricle revealed foci of myolysis, 
fibrosis, hyalinization, and chronic inflammatory 
cells. Gram-staining of sections throughout the left 
ventricle frequently showed Gram-positive cocci 
(presumably enterococci) in the areas of bland 
necrosis. Grossly, the coronary arteries, aorta, 
pulmonary vessels, and semilunar valves were 
unremarkable. 

The spleen weighed 900 grams. Grossly, half of 
the splenic surface had a grayish white color and was 
fluctuant. Sectioning of this area showed a large 
abscess cavity which measured 12 by 8 by 6 cm. and 
contained 260 c.c. of fluid pus and 280 grams of solid 
pus mixed with necrotic splenic pulp. Grossly, the 
remainder of the splenic parenchyma was normal. 
The hilar portion of the splenic artery was almost 
completely occluded by a calcified blood clot, and 
the vessel wall in this area showed acute endarteritis. 

The lungs showed chronic passive congestion 
with multiple microscopic stasis infarcts. There was 
a right-sided pleural effusion of 250 c.c. 


Fig. 2. Cross section of the spleen, showing the 
huge splenic abscess, 12 cm. in diameter. 
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The liver weighed 1,600 grams and was the seat of 
Laennec’s cirrhosis and chronic passive congestion. 
There was ectasia of the lower esophageal venous 
plexus but there was no ascites. 

The surfaces and cut sections of both kidneys were 
speckled with numerous serous cysts which measured 
0.4 to 4.0 cm. in diameter. On microscopic study, one 
of the tiny branches of the renal artery was seen 
to be occluded by a calcified embolus. The glomeruli 
showed extensive changes consistent with the focal 
glomerulonephritis of Léhlein-Barhr. Also noted 
was a chronic interstitial infiltrate suggestive of 
pyelonephritis. 

The pancreas showed microscopic bands of 
fibrosis with chronic inflammatory cells. 

The cerebral vessels, meninges, and brain were 
normal grossly, except for some softening of the 
right lenticular nucleus and internal capsule. Micro- 
scopic study showed minute foci of acute infarction 
and liquefaction necrosis scattered throughout the 
cerebral cortex. 

Final diagnoses. (1) Rheumatic heart disease, 
mitral stenosis and insufficiency, biventricular hy- 
pertrophy, left atrial dilatation and hypertrophy, 
normal sinus rhythm, compensated at the time of 
admission. (2) Enterococcal bacterial endocarditis 
of the mitral valve superimposed on diagnosis No. 1. 
(3) Enterococcal septicemia due to diagnosis No. 2. 
(4) Large abscess of the heart (left ventricle) due to 
diagnosis No. 3. (5) Large abscess of the spleen due 
to diagnosis No. 3. (6) Enterococcal myocarditis 
due to diagnosis No. 3. (7) Emboli to the heart, 
brain, spleen, and kidneys due to diagnosis No. 2. 
(8) Chronic alcoholism. (9) Laennec’s cirrhosis due 
to diagnosis No. 8. (10) Esophageal varices with 
bleeding due to diagnosis No. 9. (11) Splenic en- 
darteritis due to diagnosis No. 7. (12) Focal glomeru- 
lonephritis due to diagnosis No. 2. (13) Chronic 
pyelonephritis. (14) Chronic interstitial pancreatitis 
due to diagnosis No. 8. (15) Status post old subtotal 
gastrectomy and gastroenterostomy for peptic ulcer. 


It is worthy of note that the subacute 
bacterial endocarditis was engrafted on a 
rheumatic mitral valvulitis showing only a 
mild degree of valvular deformity, so mild 
in fact that on admission the patient was 
asymptomatic, a murmur was not detect- 
able, and the electrocardiogram and cardiac 
silhouette were within normal limits. The 
normal circumference of the mitral ring is 
approximately 10 cm.,’ but, as a rule, 
symptoms of mitral stenosis do not appear 
until the circumference contracts below 4 or 
5 cm."; in the case described the mitral 
circumference was 8 cm. 

A striking feature of the case was the 
absence of fever and leukocytosis in the 
latter part of the patient’s course, despite 
the presence of a huge splenic abscess, a 
smaller myocardial abscess, and dissemina- 
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tion of the organism throughout the body. 
Perhaps this can be attributed to steriliza- 
tion of the blood by antibiotics, since the 
blood cultures became negative in the latter 
half of her hospitalization. 

The case described provides several clues 
to the pathogenesis of the initial bacteremia 
responsible for the bacterial endocarditis, 
and for the subsequent formation of the 
myocardial abscess and congestive heart 
failure. It has been suggested that entero- 
coccal bacteremia can result from acute 
functional gastrointestinal disturbances,! 
and just such a picture antedated the pa- 
tient’s hospitalization. Alcoholism, or per- 
haps an intercurrent viral infection, may 
have been responsible for the gastro- 
enteritis. 

The formation of a myocardial abscess 
may result from (a) contiguous extension of 
septic valvulitis into the myocardium, (b) 
hematogenous dissemination of septic em- 
boli through the coronary arteries, or (c) 
bacterial myocarditis secondary to a gen- 
eralized sepsis. In the present case there is 
pathologic evidence that the latter two 
routes were responsible for the abscess. 

The causes of the congestive heart failure 
in this case are clearly evident: (a) the pre- 
cipitation of progressive mitral insufficiency 
by the bacterial endocarditis, (b) multiple 
coronary emboli, (c) diffuse interstitial en- 
terococcal myocarditis, and (d) destruction 
of myocardial tissue by the abscess. Con- 
tributory factors would include (e) the 
“toxicity” of infection, and perhaps (f) pro- 
longed sinus tachycardia. 

The heart failure, however, was reason- 
ably well controlled and was not, in itself, 
responsible for the death of the patient. 
The immediate cause of death remains con- 
jectural, and one can only suspect that the 
abscess, being an “‘irritative focus,”’ resulted 
in an ectopic rhythm and an electrical 
death. Thus, the ventricular premature 
contractions noted in her last electrocardio- 
gram may have been an ominous forecast 
of things to come. 


Summary 


A case is described of enterococcal endo- 
carditis superimposed on an unsuspected 
and asymptomatic rheumatic valvulitis. 
The clinical course was progressively down- 
hill despite intensive multiple antibiotic 


Discussion 


therapy. The picture included all of the 
usual sequelae of uncontrolled subacute 
bacterial endocarditis, including septic em- 
boli to several organs and vessels, appear- 
ance of the murmur of mitral insufficiency, 
diffuse focal glomerulonephritis, etc. The 
unusual feature, however, was the post- 
mortem finding of a large myocardial ab- 
scess, 2.5 cm. in greatest diameter, and a 
huge splenic abscess, 12 cm. in greatest 
diameter. 
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Review 


The nephrotic syndrome 


Thomas Findley, M.D. 
Augusta, Ga. 


his common but extraordinary con- 

dition is known by many names. By 
older pathologists it was referred to as 
chronic parenchymatous nephritis or the 
large white kidney. In 1913, Munk,!"® noting 
anisotropic fat in the urine of some patients 
with florid syphilis, called it lipoid neph- 
rosis, a name which soon received the en- 
dorsement of Volhard and Fahr’s famous 
classification of renal disease. More re- 
cently, Ellis’ term 7'ype II nephritis has 
been widely used,** but the electron micro- 
scope has revealed more subtle differences. 
The terms /ipoid or genuine nephrosis and 
membranous glomerulonephritis® have been 
used interchangeably to describe the thick- 
ening of the glomerular basement mem- 
brane so commonly seen even by light 
microscopy, but some’® would separate 
even these two conditions, applying the 
former term only to those kidneys in which 
the sole lesion is in the glomerular epithelial 
cells known as podocytes. 

The view is here taken that the noun 
nephrosis should be abandoned in favor of 
the term nephrotic syndrome, which is ap- 
plied in a loose descriptive sense to all 
patients with proteinuria, hypoalbumi- 
nemia, hyperlipemia, and edema, with- 
out regard to the renal lesion, although 
variations are common. Since all such pa- 
tients thus far appropriately examined 
have shown changes in some part of the 
glomerular filter, and since progressive 
thickening of this membrane so often leads 
to glomerular hyalinization, the term mem- 


branous glomerulosclerosis appears to be a 
reasonably satisfactory way of grouping 
together the various etiological entities. 
The nephrotic syndrome thus becomes a 
constellation of clinical abnormalities which 
may have many “‘causes.’’ It should be re- 
garded in the same light as such other phe- 
nomena as fever, jaundice, anemia, cya- 
nosis, etc. For those reluctant to give up 
established terms the idiopathic variety of 
this sclerosing lesion is synonymous with 
lipoid nephrosis. Until much more is known 
about the chemistry of renal protoplasm it 
seems premature to separate ‘‘podocyte 
disease’’ from processes involving the base- 
ment membrane also. Even the electron 
microscopists disagree; some emphasize the 
primacy of the epithelial (podocyte) le- 
sions,*’** whereas Spiro™?’ describes gaps 
in the basement membrane through which 
epithelium and endothelium come in con- 
tact, and Movat and McGregor!®® claim 
that the basement membrane only appears 
to be thickened because of a layer of extrav- 
asated protein beside it. A number of ob- 
servations suggest that the most common 
lesion in any disease accompanied by the 
nephrotic syndrome is swelling and smudg- 
ing of the foot processes of the epithelial 
layer of Bowman’s membrane, and that 
this change may be reversed by steroid 
therapy.“ Thickening of the basement 
membrane and other glomerular lesions are 
apparently permanent. 

Clinical features. The patient, usually 
young, swells insidiously and to a degree 
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which varies from a trace of puffiness about 
the face and ankles to the most grotesque 
dropsy. There is usually nothing in the 
history to explain the illness, although 
many give a vague account of “‘allergy”’ of 
one kind or another.® Subjective com- 
plaints are few, except for a sense of heavi- 
ness. The arterial blood pressure is usually 
normal. Pallor is often striking, but anemia 
is seldom marked unless the patient is also 
uremic. Muerhcke!® has described parallel 
white lines in the fingernails which he 
thinks are indicative of hypoalbuminemia, 
but we have seen them infrequently. Inter- 
current infections are frequent; the respira- 
tory tract and the peritoneum are especially 
vulnerable to hemolytic streptococci and 
pneumococci, and these infections are 
often accompanied by bacteremia which 
may not be transient. This susceptibility 
to infection may be related to the low 
gamma-globulin content of the serum and 
to consequent lack of antibody formation. 
Spontaneous remissions occur,'** sometimes 
during convalescence from such contagious 
diseases as measles or chicken pox, but 
relapses are common. In such patients the 
appetite is poor and a very large loss of 
tissue mass may be masked by the edema- 
tous fluid. If the renal lesion does not heal, 
the kidney eventually shrinks, the blood 
pressure rises, and symptoms associated 
with the uremic syndrome appear. It is 
commonly said that the nephrotic syn- 
drome disappears as renal failure advances 
because contracted kidneys excrete less 
protein, but most patients with hyperten- 
sion and uremia due to disease of the base- 
ment membrane remain somewhat edema- 
tous to the end, partly no doubt because of 
heart failure and anemia. A few, however, 
never have edema at any stage of the dis- 
ease, and in them the diagnosis can only be 
suspected from the magnitude of the pro- 
teinuria and the presence of oval fat bodies 
in the urine. There is no evidence that 
these so-called ‘‘dry nephrotics’ have a 
better prognosis than do those with edema. 


Pathogenesis 


Edema. From the patient’s viewpoint, 
dropsy is the most conspicuous feature of 
this fascinating disorder, but it is important 
to note that profound disturbances in the 
metabolism of protein, fat, and electrolytes 
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also occur. Although it is an extraordinary 
thing that an organism should find it neces- 
sary to enlarge itself with brine, the physi- 
cian who limits his therapy to measures 
designed solely to increase the flow of 
urine is taking much too small a view of 
the problem. Indeed it is probable that the 
retention of salt water may even serve a 
useful purpose.* The circulation may be 
unable to meet the metabolic needs of the 
body, either because the cardiac output is 
too low or because the blood volume is too 
small. The renal tubule responds to these 
stimuli by resorbing sodium and water at 
an accelerated rate. The cardiac output is 
normal in patients with the nephrotic syn- 
drome unless heart failure coexists or 
blood volume shrinks greatly, but the best 
measurements indicate that hypovolemia, 
perhaps only in some critical part of the 
vascular tree, is a common and possibly 
an essential feature.” Hypoproteinemia 
from any cause lowers oncotic pressure.® 
The chief force which holds water inside 
the capillary bed is the osmotic pressure 
of plasma proteins; when this is reduced, 
water tends to move to an extravascular 
position and blood volume falls. If protein 
depletion continues, this shrinkage may 
lead to critical drops in blood pressure and 
flow, which in turn produce antinaturiesis 
and antidiuresis by reflex mechanisms 
integrated in the hypothalamus.t There is 
evidence that secretion of aldosterone is 
controlled by a ‘‘glomerulotrophic”’ hor- 
mone from the posterior diencephalon.” 
Saline is returned to the body by the renal 
tubules in an effort to counterbalance the 
falling blood volume, but since plasma 
oncotic pressure is low because of hypo- 
proteinemia, the fluid cannot stay within 
the capillary bed and passes outward to 
interstitial spaces. Bioassay suggests that 
the formation of both aldosterone and ADH 
are increased as integral parts of the neph- 


*Leutscher!22 says, ‘“‘I have repeatedly emphasized that the 
patient with the nephrotic syndrome must diltite his plasma 
in order to stay alive. If he tried to maintain a normal plasma 
colloid osmotic pressure with his greatly reduced quantity of 
circulating protein, his plasma volume would be so small as 
to make life impossible. A similar situation may exist in 
hepatic cirrhosis, complicated by diversion of fluid into the 
peritoneal cavity. If we exchange blood flow for blood volume 
cardiac failure might be included.” 


tIt is admittedly difficult to understand why patients with 
idiopathic analbuminemia have minimal edema.% 
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rotic syndrome,® but there are many pa- 
tients—the so-called dry nephrotics—whose 
hypovolemia is presumably too slight to 
produce edema. Even though it is always 
pleasant to watch a nephrotic patient 
diurese, the physician must constantly fix 
his attention upon that metabolic dysfunc- 
tion which is more important than edema 
and probably the most fundamental cause 
thereof—-hypoproteinemia. 
Hypoproteinemia. The depletion of pro- 
tein which is so characteristic of the neph- 
rotic syndrome can be due to (a) diminished 
formation, (b) increased excretion, (c) in- 
creased destruction, or (d) any combina- 
tion of these three possibilities. There are 
no good reasons for believing that synthesis 
of plasma proteins is defective; on the 
contrary, hypoproteinemia is a_ potent 
stimulus to this process. Available studies 
indicate that the formation of protein is 
at least normal.'!® Most patients are eating 
well when the syndrome appears, and few 
have any demonstrable liver disease. There 
is, on the other hand, no doubt that chronic 
proteinuria makes demands upon stores of 
protein which may not be met indefinitely. 
Squire®:5! believes that external loss is 
the chief reason for the hypoproteinemia, 
but it is often difficult to detect any con- 
sistent correlation between the amount of 
protein in the urine and the lack of it in the 
serum. It is difficult to resist the idea that 
increased protein catabolism may be an 
important factor. The volume of glornerular 
filtrate is so large (approximately 180 
liters per day) and the concentration of 
albumin so appreciable (150 mg. per liter) 
that a considerable amount of albumin 
(27 Gm.) must of necessity be resorbed by 
the tubules. In addition, a large quantity 
of nonprotein nitrogen is also filtered and 
resorbed and is thus available for metabolic 
purposes. Even slight defects in the tubular 
transport mechanisms may thus in time 
account for very large deficits of protein. 
If, for example, none of the filtered albumin 
were returned to the blood stream as such, 
the daily deficit would be about 30 Gm., 
a much larger amount than that usually 
lost in the urine by the nephrotic patient, 
and a close approximation to the 0.25 Gm. 
of serum albumin per kilogram of body 
weight formed daily by the normal adult.'° 
One might expect to find that renal venous 
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blood contains less serum albumin and 
more nonprotein nitrogen than does other 
venous blood, in comparison with simul- 
taneous arterial analyses, and_ several 
groups have found this to be the case.*? 
Conflicting evidence acquired by perfusing 
rat kidney with I"*!-albumin exists, how- 
ever. In addition, Harms® has shown 
that these arteriovenous differences are 
accentuated in rats with antikidney serum 
nephritis, and he has furthermore shown 
that the proteolytic activity of such kidneys 
is definitely greater than normal. Gitlin 
and colleagues®:* and reported 
that radioactive protein given intrave- 
nously disappeared from the blood stream 
of nephrotic patients much more rapidly 
than from the circulation of normal sub- 
jects. Freeman and Mathews® reported 
that the nephrotic patient differs from the 
normal person in that albumin catabolism 
is increased as a fraction of the intravascu- 
lar pool but decreased as grams per day. 
Conflicting data on patients with idio- 
pathic hypoalbuminemia suggest either 
that protein is catabolized somewhere at 
an excessive rate or that it is lost in the 
J131_Jabeled albumin dis- 
appeared from the blood stream of mice 
much more slowly if both ureters were 
ligated or both kidneys removed.’ Al- 
though Chinard’s calculations indicate that 
proteinuria is due to glomerular disease,” 
decreased tubular resorption may also be a 
factor,®85 and the beneficial effects of 
adrenocortical steroids in the nephrotic 
syndrome may be attributed not only to 
their action upon capillary permeability 
but to a possible normalizing effect upon 
the tubular transportation of nitrogenous 
compounds. ™ 

Lipemia. Although a rough inverse re- 
lationship exists between the serum con- 
centrations of albumin and fat in the 
nephrotic syndrome, there are nonrenal 
diseases (cirrhosis of the liver, starvation, 
for example) in which no such correlation 
exists.”2 The metabolism of lipoproteins 
is a new and difficult field, but several 
generalizations of clinical importance have 
emerged from accumulated 

A. Lipids become water-soluble only 
when linked with plasma proteins. About 
two thirds of the total plasma lipid is 
normally contained in the beta-lipoprotein 


824 ‘Findley 


Volume 61 
Number 6 


fraction; the alpha-globulins carry the 
remainder. In the nephrotic syndrome all 
lipid fractions are increased, neutral fat 
most of all, and cholesterol more than the 
triglycerides and the phospholipids. Lac- 
tescence of nephrotic serum is determined 
by the relative amount of low-density 
(Sf 10-200) lipoprotein molecules; patients 
with the least amount of circulating albu- 
min and the most edema are apt to have 
the creamiest sera. Those with milder 
varieties of the condition who have clear 
serum have hyper-beta-lipoproteinemia, 
with high-density (Sf 3-9) molecules pre- 
dominating. 

B. In normal subjects, lipoprotein syn- 
thesis seems to begin in the low-density 
range, the molecules of which convert to 
the high-density type with the transfer of 
lipid to albumin molecules. In the nephrotic 
syndrome this conversion is inhibited for 
unknown reasons, so that Sf 10-200 com- 
plexes accumulate. Conversion is facilitated 
(and lipemia combated) by infusions of 
albumin or by transplantation of the ureters 
of nephrotic animals to their own great 
veins to prevent loss of albumin.’ Nu- 
merous studies indicate that the turnover 
rates of lipids and lipoproteins are pro- 
longed in nephrotic animals and man.*:!°.°9 
Consistent abnormalities in lipoprotein- 
lipase activity have not been demonstrated. 
The role of the “‘lipid-mobilizing factor’’ 
has not yet been clearly established,'** 
but heparin has marked ability to remove 
the Sf 10-200 molecules very rapidly from 
the serum of some nephrotic patients. The 
accumulation of lipids in serum has been 
likened to a ‘‘ traffic jam’’ occasioned by the 
circumstance that, by one means or an- 
other, protein is disposed of more rapidly 
than is fat. 

Increased permeability of Bowman’s 
membrane leads to disproportionate loss 
from the serum of the smaller protein 
molecules (albumin, alpha-globulin cerulo- 
plasmin, transferrin, etc.). Predominance 
of the larger complexes results (alpha 2- 
globulin, beta-globulin, fibrinogen).* 

Other laboratory abnormalities. The mys- 
tery of the nephrotic syndrome lies in the 
fact that the urine contains too much pro- 
tein, the serum too little. If electrophoretic 
patterns of the two fluids are compared, 
one is seen to be the rough inverse image of 
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the other, particularly in regard to the 
albumin contained in each. There is a vague 
positive correlation between the intensity 
of the proteinuria and the severity of the 
hypoproteinemia, but patients who excrete 
30 Gm. of protein daily (mostly albumin) 
often have a concentration of serum albu- 
min no lower than that of those who have 
much lower excretion rates of albumin. 
Proteinuria greater than 3.5 mg. per day is 
rare in other diseases.!® The concentration 
of serum albumin is commonly reduced to 
about 1.0 Gm. per cent, but virtual an- 
albuminemia has been seen. Serum choles- 
terol may be in excess of 1.0 Gm. per cent. 

The blood count is normal in the early 
stages, although the hematocrit may be a 
little high because of hypovolemia. When 
renal insufficiency appears, a normochronic 
and normocytic anemia is usually found, 
due possibly to erythropoietin deficiengy. 
Hypoferremia and hypocupremia have 
been reported,?® probably because metal- 
binding proteins are lost in the urine. The 
serum PBI is also often low because of 
the inability of plasma proteins to bind 
normal amounts of organic iodine,!2%-!* 
but the rate of uptake of radioiodine is 
normal. Despite a low basal metabolic rate 
there is no evidence of hypothyroidism. 
The thyroid responds normally to TSH and 
desiccated thyroid. The titer of antistrepto- 
lysin-O in the serum is usually low, in 
contrast to the increase so commonly seen 
in proliferative glomerulonephritis; circu- 
lating complement is also reduced.® 

Gross hematuria is rare, but showers of 
red cells may appear in the urine from time 
to time. Leukocytes, epithelial cells, and 
casts are surprisingly scanty. The impor- 
tant diagnostic clues are: (1) the presence 
of oval fat bodies, large epithelial cells full 
of fat droplets which are stainable with 
Sudan III, or which can be seen with 
polarized light as doubly refractile Maltese 
crosses, and (2) heavy proteinuria, an 
amount in excess of 3.5 Gm. per day being 
highly suggestive. Urinary protein is 
chiefly albumin, chemically and immuno- 
logically identical with normal serum al- 
bumin. Heavy globulinuria has been re- 
garded as a bad prognostic sign,!*:7! but 
this has been denied by others.” 

Renal function. The nephrotic syndrome 
often appears in patients whose renal func- 
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tion is entirely normal even when tested 
by refined clearance and saturation tech- 
niques®:**!@; indeed, many have abnorm- 
ally high rates of renal blood flow and 
glomerular filtration.”*> Later, reduction of 
these values bespeaks glomerular fibrosis, 
arteriolosclerosis, or infection. Tubular 
dysfunction is evident in many ways. 
Occasional patients excrete small amount 
of glucose and/or amino 
Since many nephrotic subjects have rela- 
tively normal glomerular filtration rates 
and serum electrolyte concentrations, it is 
certain that their edema is of tubular 
origin. The mere presence of edema is 
prima facia evidence that the kidney is 
excreting less sodium than the blood brings 
to it, and the fact that the serum is often 
hyponatremic is evidence that water is 
retained more tenaciously than salt. Con- 
ceivably, the proximal convolution can 
resorb isotonic fluid at an increased rate, 
but there is no evidence that this occurs as 
an isolated phenomenon. Little is known 
about the impact of disease upon the con- 
centrating and diluting mechanisms of the 
loop of Henle, but the forces making for 
countercurrent diffusion may in some ob- 
scure way become so distorted 2s to in- 
tensify the resorption of water by the col- 
lecting ducts. Efforts have been made to 
find a common basis for the disturbances 
in renal handling of protein, salt, and water. 
It has been suggested, e.g., that the in- 
creased rate of protein catabolism liberates 
potassium which the kidney must excrete, 
and that retention of sodium occurs in a 
compensatory manner, but the losses of 
nitrogen and potassium are not always 
proportional.!® Abnormal permeability of 
cell membranes to the transfer of Na*, K*, 
and protein may be of adrenocortical ori- 
gin.!* Metcoff et showed that the 
nephrotic kidney responds to Diamox and 
to a nonresorbable anion (PAH) by excret- 
ing far more K* than does the normal kid- 
ney, possibly because of intense concentra- 
tion of sodium; they also showed that the 
nephrotic kidney can secrete hydrogen even 
under the influence of carbonic-acid inhib- 
itors, whereas the normal kidney cannot. 


The nature of the renal lesion 


For many years internists have regarded 
patients with the nephrotic syndrome as 


Am. Heart J. 
June, 1961 


atypical examples of glomerulonephritis 
despite the fact that hematuria, hyper- 
tension, and unequivocal evidence of ante- 
cedent streptococcal infection are often 
conspicuously absent. It was assumed, 
therefore, that the initial episode had been 
overlooked or forgotten, but pediatricians 
have long been inclined to believe that the 
two disorders are unrelated,’ the strongest 
arguments being that the nephrotic syn- 
drome often appears in children who, on 
an average, are distinctly younger than 
those in whom acute hemorrhagic nephritis 
of the post-streptococcal variety usually 
occurs, and that serological evidence of 
bacterial infection is seldom found in the 
nephrotic syndrome. Longcope” pointed 
out that the clinical course in patients 
suffering from acute hemorrhagic glomeru- 
lonephritis (Type A) differs in many re- 
spects from that seen in patients suffering 
from the nephrotic syndrome (Type B), 
and later Ellis**renamed these groups Types 
I and II. Clinicians are now generally in- 
clined to the view that the renal response to 
infection with certain strains of beta- 
hemolytic streptococci carries a relatively 
good prognosis, but that most patients 
whose illness begins with the nephrotic 
syndrome die of renal failure. Experimental 
evidence, however, suggests that the same 
agent may, under different circumstances, 
cause either epithelial proliferation or 
simple thickening of the basement mem- 
brane. Mixed lesions are commonly found 
in human kidneys. The view is here taken 
that certain strains of beta-hemolytic 
streptococci are only one of many different 
agents capable, under appropriate condi- 
tions, of causing the membranous changes 
so characteristic of the nephrotic syndrome. 
Glomerulosclerosis then is due to many 
factors but is all too often idiopathic (for 
this group, genuine or lipoid nephrosis are 
the conventional names but, in our opinion, 
less satisfactory ones). A considerable pro- 
portion of patients give a history which 
suggests hypersensitivity reactions.® Bac- 
teria other than streptococci have evoked 
the disease, and it is possible that viruses 
may do so also. 

Bell? was evidently the first to apply the 
term membranous glomerulonephritis to this 
lesion, but he expressed uncertainty as to 
whether it was related to antecedent 


i 


\ 
} 


3 


~- 


streptococcal infection or not. In splendid 
reviews, both Allen* and Ehrich*® have ac- 
cepted this dual concept and emphasized 
its importance. In early stages the glomeru- 
lar capillaries are widely patent and there 
is none of the endothelial proliferation and 
intracapillary thrombosis so characteristic 
of post-streptococcal disease; later, when 
hyalinization and fibrosis have destroyed 
all glomerular landmarks, it may be im- 
possible to distinguish between the two 
varieties. Some kidneys show both sclerotic 
and exudative changes. If hypertension has 
existed for any length of time, arterial and 
arteriolar sclerosis are found, and necrotiz- 
ing vasculitis suggests the clinical picture 
of malignant hypertension. The tubular 
changes, once thought to be of primary 
importance, are now regarded merely as 
visible evidence of the fact that the glo- 
merular filtrate contains more fat and pro- 
tein than the tubules can comfortably deal 
with. The proximal convolutions especially, 
and, to alesser degree, the straight segments 
and the distal convolutions, contain such 
large quantities of lipoprotein in droplet 
form that the epithelial cells themselves are 
often swollen and flattened; the droplets 
stain with Sudan III, and the esterified 
cholesterol in them reveals itself under 
polarized light as the well-known but in- 
frequently searched for doubly refractile 
lipoid bodies. The collecting tubules are 
not often involved. Hyaline, granular, and 
fatty casts lie in the tubule lumens. The 
whole kidney may have a soft, yellowish, 
greasy look, but in later stages atrophy of 
some nephrons, hypertrophy of others, and 
overgrowth of connective tissue make for 
a small, rough organ. As the number of 
functioning nephrons diminishes, the 
amount of protein and formed elements in 
the urine naturally decrease also. Gross 
hematuria is apt to result from arteriolar 
necrosis. 

A small proportion of nephrotic subjects 
shows no glomerular lesions in tissue sec- 
tions examined by light microscopy, but the 
electron microscope demonstrates changes 
in the glomerular basement membrane and 
especially in the podocytes.‘ The 
earliest and apparently the most specific 
lesion consists of a swelling of the epithelial 
cells of Bowman’s capsule and of coales- 
cence of their foot processes; this seems to 


Nephrotic syndrome 827 


antedate the proteinuria and somehow to 
be responsible for it. The lesion is a reversi- 
ble one which disappears during clinical 
remissions.*® The splitting and thickening 
of the basement membrane so regularly 
seen regardless of etiology is likely to be 
permanent and to progress to complete 
glomerular hyalinization. Hence, the term 
glomerulosclerosis seems apt. It should be 
pointed out, however, that the tubular 
epithelial cells and the podocytes are 
embryologically identical, and that both 
rest upon a common basement membrane; 
disease in the glomeruli, therefore, bespeaks 
disease in the convoluted tubules, and 
leakage of protein into the urine may cor- 
relate with disordered tubular transport 
of protein. No pathognomonic tubular 
lesions have, been described but they may 
be obscured by the masses of lipoprotein 
droplets which so often fill the epithelial 
cells of the nephron. 

In elaborating on the varieties of renal 
disease, much reliance is placed upon the 
extensive biopsy experience of Kark and 
his colleagues.’? Their paper contains an 
authoritative bibliography also. 


Common causes of the 
nephrotic syndrome 


I. Glomerulonephritis. Clinical tradition 
supports the belief that a small proportion 
(10 to 15 per cent ?) of patients with acute 
glomerulonephritis of the hemorrhagic and 
proliferative type pass through a phase of 
nephrotic edema on their way to total 
renal failure.** 

II. Glomerulosclerosis. 

1. IDIOPATHIC. Since the lesion is oc- 
casionally seen in newborn infants,®*:!253,158 
the responsible agent(s) must pass through 
the placental barrier; it has been suggested 
that the mother may produce antibodies 
against the fetal kidney. The etiology of 
the postnatal variety is unknown but there 
is circumstantial evidence which suggests 
that immune reactions may be responsible. 
External agents are theoretically able so to 
modify renal proteins or mucopolysac- 
charides that they become antigenic; fixa- 
tion of the autoantibody in glomerular 
basement membrane then produces the 
lesion.°> This theory of autoimmunization 
is attractive but unproved. 

2. METABOLIC. (a) diabetes mellitus; 
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(b) disseminated lupus erythematosus; 
(c) amyloidosis; (d) myelomatosis; (e) ec- 
lampsia. 

3. INFECTIOUS. (a) hemolytic strepto- 
cocci; (b) other bacteria; (c) syphilis; (d) 
quartan malaria. 

4. CHEMICAL. (a) heavy metals (bismuth, 
gold, mercury particularly); (b) anticon- 
vulsant drugs (trimethadione, parameth- 
adione, tridion particularly); (c) bee or 
wasp venom; (d) poison oak, poison ivy; 
(e) pollens; (f) serum. 

5. CONGESTIVE. (a) thrombosis of renal 
vein; (b) constrictive pericarditis. 

6. MISCELLANEOUS. Polyarteritis nodosa, 
Henoch-Schénlein purpura, sickle cell dis- 
ease, pyelonephritis, and arteriosclerosis 
have been described, but the association 
may be fortuitous. 


The experimental counterparts 


I. Antikidney serum nephritis (AK S). Al- 
though certain strains of group A strepto- 
cocci (types 12, 18, and 25 particularly) are 
the most frequent cause of proliferative 
glomerulonephritis in man, attempts to re- 
produce the disease in animals by injecting 
them with nephritogenic strains succeed 
only occasionally.“° Although others had 
worked with AKS before him (Lindemann, 
1900, and Pearce, 1904), it was Masugi who 
showed, in 1933, that something very much 
like the human disease could be produced 
with it.°? His technique is in all essentials 
still the standard one in use today. The 
serum is made by injecting crude saline ex- 
tracts of kidney from one species (often the 
rat) into another species (often the rabbit), 
either intramuscularly or intraperitoneally; 
after an interval which permits maximal 
formation of antibodies the recipient ani- 
mal is bled and its serum injected back into 
fresh animals of the first species. On the 
basis of the potency of the serum and other 
factors not well understood, these animals 
soon develop proteinuria, hypoproteinemia, 
edema, hypertension, lipemia, and azotemia 
to a variable degree. The resulting picture 
is therefore a mixture of ‘nephritis’ and 
‘“‘nephrosis.’’ The evidence shows that the 
rat is more likely to develop the nephrotic 
syndrome than the dog, which usually be- 
comes uremic.' Complete recovery by either 
species is possible, but death from uremia 
in a few months is more common.**:7° 
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Seegal and Bevans™ summarize in detail 
the pathologic and clinical changes. During 
the first month of the disease the clinical 
picture corresponds to that seen in acute 
proliferative glomerulonephritis in human 
beings; the first visible renal lesion is 
swelling of the glomerular basement mem- 
brane, and this is quickly followed by pro- 
liferation of capillary endothelium, throm- 
bosis and necrosis of the glomerular tufts, 
cellular infiltration of the glomerulus, and 
a leakage of fibrin and red cells into Bow- 
man’s capsule. The tubule cells are swollen 
and often desquamated, and many casts 
are seen within the tubule lumens. If the 
animal survives the first month, the pro- 
liferative and exudative reactions subside, 
but the basement membrane thickens and 
the intraglomerular capillaries thrombose. 
With the passage of time, glomeruli be- 
come entirely obliterated and ‘“‘can be 
recognized as fibrous balls containing vary- 
ing amounts of hyaline material.’’ Base- 
ment membranes become progressively 
thicker, and fat infiltrates the tubular 
epithelial cells. The nephrotic syndrome 
may appear either early or late, and it may 
disappear spontaneously. The electron mi- 
croscope shows that an osmophilic exudate 
very quickly appears between the layers 
of Bowman’s membrane in AKS-treated 
mice and rats, and that this is followed by 
swelling of the pedicels and thickening of 
capillary epithelium,'®:' a reaction which 
could represent fixation of antibodies. 
These structural changes are accompanied 
by histochemical evidence of alterations 
in the activity of certain hydrolytic and 
oxidative enzyme systems.” Studies of 
human material at the University of Min- 
nesota were probably the first which 
showed the constancy of the podocytic 
lesions in various types of nephrotic chil- 
dren,*':" and similar changes have been 
described by Kark’s group in Chicago. 
Excessive amounts of globulin (antibody ?) 
in the glomeruli and around the tubules of 
patients with a wide variety of kidney dis- 
eases have been found by means of the flu- 
orescein-staining but 
the meaning of this is unclear. Krak- 
ower and his colleagues*:** have presented 
evidence that the glomerular basement 
membrane is the most potent source of 
antigen, and a number of laboratories 
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have shown that labeled globulins concen- 
trate most intensely in the glomeruli,*°** 
possibly because of the enormous quantity 
of blood which normally irrigates these 
structures. The problems are extremely 
complex, however, because both the kidney 
extracts and their antisera are obviously 
impure. A common antigen probably oc- 
curs in many tissues. Any interpretation 
of this phenomenon must recognize the 
fact that there is usually a latent period of 
a few days between the injection of AKS 
and the appearance of renal disease. The 
lesions may not be due to fixation of renal 
antibodies therefore, but to the fixation of 
antibodies evoked in the rat against the 
injected serum of the rabbit* or to a 
gamma-globulin in it." Further intricacies 
arise from the fact that the union of antigen 
and antibody may so alter the gamma- 
globulin molecules involved that the new 
complex itself becomes antigenic and able 
to invoke its own immune response; theo- 
retically, at least, this process of continued 
protein denaturation and autoimmuniza- 
tion could go on indefinitely. Human renal 
disease has been explained analogously by 
the supposition that many foreign sub- 
stances—streptococcal products, for ex- 
ample?’—may so alter the renal proteins 
of susceptible individuals as to make them 
antigenic, but no one has consistently 
found renal antibodies in the serum of 
patients with kidney disease.'¢ Since 
adrenocortical steroids modify immune 
reactions, it may be important to note 
that Goodman and _ associates* found 
that renal tubular epithelial cells and 
glomerular epithelial cells have antigens 
in common. Nephrotic rat kidney has 
increased proteolytic activity, and en- 
zymes may themselves be antigenic.' 
It should also be noted that not many 
workers have used true autoantibodies, 
although they have often called them such; 
they have usually used homoantibodies 
instead, so that there is some question of 
a foreign protein reaction within the same 
species. Heymann is one of the few who 
has attempted to produce nephritis 
in uninephrectomized rats with prepara- 
tions made from the animal’s own excised 
kidney; he found that a mixture of kidney 
protein and Freund's adjuvant is an effec- 
tive agent.” 
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II. Chemical nephritis. 

1. AMINONUCLEOSIDE. Metcoff and col- 
leagues*® first reported that a derivative of 
the antibiotic puromycin can produce the 
nephrotic syndrome in animals. The active 
substance (3, 6-dimethylamino purine-3- 
amino-D-ribose) is made by removing a 
molecule of tyrosine from a molecule of 
Puromycin. It is evidently not a simple 
protoplasmic poison because there is a 
definite latent period between the time of 
administration and the appearance of 
proteinuria, even after intravenous injec- 
tion. Thickening of the foot processes and 
the basement membranes!* occurs, and 
chronic renal disease can be produced by 
repeated administration, but the syndrome 
is reversible. Recant and colleagues re- 
ported that the earliest changes detectable 
by the electron microscope were in the 
podocytes,®* and that these changes were 
associated with inhibition of the formation 
of ATP, suggesting abnormalities in nucleo- 
protein metabolism”® as a factor in the 
disease in rats. Hartman®® reviewed her 
work and that of others which indicates 
that the glomerular lesion may be due to 
an antimetabolite resembling adenosine. 
No evidence of antibody formation has yet 
been found. Harms® found that slices of 
tissue from such kidneys exhibited in- 
creases in catheptic activity similar to 
those shown by slices from AKS-treated 
animals. 

Corticosteroids have an uncertain ameli- 
orating effect upon nephropathy due to 
AKS, and none upon that due to aminonu- 
cleoside.! 

2. TRIDIONE. A few epileptics have be- 
come edematous while taking certain anti- 
convulsant drugs, and rats given large 
doses of Tridione for many months have 
developed glomerulosclerosis and protein- 
uria but no edema.!¢ 

3. IRON OXIDE. Saccharated iron oxide 
has produced a similar syndrome in rab- 
bits. !5f 


Differential diagnoses 


Recognition of the nephrotic syndrome 
is no problem even in the absence of edema 
if a heavy continuous proteinuria prompts 
the physician to look for the characteristic 
changes in urine and blood. The real dif- 
ficulty comes only too often when he tries 
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to find the cause, and from its detection to 
say something about treatment and prog- 
nosis. 

As in other areas the history is all-im- 
portant, particularly as to contact with 
mercury in the form of diuretics' or 
teething powder,'** bismuth," bee venom,'** 
poison oak,'*? poison ivy,'' and anticonvul- 
sant drugs.® Serum, pollens, trichorethyl- 
ene, and gold have also been implicated, 
and the syndrome has occurred during 
such infectious disorders as quartan ma- 
laria,* secondary syphilis, diphtheria, and 
subacute bacterial endocarditis.7* A very 
small number of nephrotic adults give a 
history of acute hemorrhagic glomerulo- 
nephritis, a disease also uncommon in 
children under 5 years of age. When the 
fact is considered that the average Ameri- 
can child has four or five colds per year, 
it is difficult to relate ordinary infections 
of the respiratory tract to the appearance 
of edema. Bloom and Seegal*! found that 
about half of their patients who died of 
renal failure had passed through a neph- 
rotic phase, but that neither pyelonephritis 
nor renal arteriolosclerosis bore any causal 
relationship to the nephrotic syndrome, a 
fortunate circumstance which simplifies 
the diagnostic difficulties appreciably. 

Renal function tests of even the most 
refined nature measure the extent of disease 
rather than its kind and give no prognostic 
aid at all unless repeated at enough inter- 
vals to afford some estimate of the tempo 
of the process. Intense proteinuria is 
characteristic of all varieties of the neph- 
rotic syndrome and may be massive in 
patients whose glomeruli show minimal 
disease. Red cells are usually scarce but 
gross hematuria occurs at times. In the 
early stages, casts, hyaline or granular, 
may be surprisingly rare. The important 
element in urinary sediment is the fat body, 
deposits of cholesterol esters in leukocytes, 
epithelial cells or casts which show up so 
well in polarized light as doubly refractile 
Maltese crosses. These are not pathogno- 
monic for the nephrotic syndrome but are 
more numerous in hyperlipemic states.'*® 
Pyuria is seen in noninfectious lesions, such 
as lupus erythematosus, so that the ap- 
pearance of excessive numbers cf leuko- 
cytes and “glitter cells,’ even in clumps, 
should not be equated with bacterial dis- 
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ease; bacteria in casts, however, give cer- 
tain evidence of renal infection. The broad 
casts of renal failure are more often seen in 
the urine of patients who also have azo- 
temia and hypertension. Schreiner has 
recognized a wide spectrum of formed ele- 
ments in the urine of patients with the 
collagen diseases.!*° 

The introduction of paper electrophoresis 
about 1950, was a major advance beyond 
the older chemical techniques for esti- 
mating ‘‘albumin-globulin ratios,’’ but 
the significance of the variable globulin 
patterns in the sera of patients with renal 
diseases is not yet clear. The proteins 
which escape most easily into the urine 
(alpha!-globulin, gamma-globulin, trans- 
ferrin, ceruloplasmin, albumin) are those 
whose molecular weights are less than 
200,000, and these are apt to be scarce in 
the plasma."° The larger molecules are 
excreted with more difficulty, so that the 
concentrations of alpha?-globulin, beta- 
lipoprotein, and fibrinogen in serum are 
usually high. Since the urine of nephrotic 
patients is essentially fat-free, some dis- 
sociation of lipoproteins probably takes 
place in the kidney, but we, like others, 
have been unable to detect any useful 
correlation between the globulin-partition 
pattern and the structural changes in the 
kidney, except that an increased amount of 
gamma-globulin is more commonly found 
when the nephrotic syndrome is due to 
some systemic disease, such as_ lupus 
erythematosus, rather than to simple 
glomerulosclerosis. Lipoproteins are often 
abnormal, moving between the a@ and £6 
peaks of normal serum.** 

Renal biopsy. Since treatment and, hence, 
prognosis depend upon precise diagnosis, 
needle biopsy of the kidney is often a 
justifiable procedure, particularly among 
young patients who are neither hyperten- 
sive nor uremic. Large numbers of biopsies 
on nephrotic patients have been reported 
from Scandinavia,'® England,’7 Washing- 
ton,'' and Chicago.7? The wide variety of 
lesions found in the 98 cases so studied by 
Kark?® is impressive. Only about one half 
of these cases were diagnosed pathologi- 
cally as some sort of glomerulonephritis 
(usually membranous but sometimes pro- 
liferative or both); 18 patients had lupus 
erythematosus, 15 were diabetics, 3 had 
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amyloidosis, and in 11 the only glomerular 
lesions were in the podocytes. The im- 
portance of this lesion is its reversibility 
by hormonal whereas 
the renal lesions which accompany such 
metabolic disorders as diabetes mellitus, 
disseminated lupus erythematosus, or amy- 
loidosis are notoriously refractory to ster- 
oid treatment. The decision to perform a 
biopsy or not must be made in each case 
on its own merits, for some danger at- 
tends even in the hands of experts. 


Associated diseases 


It is not enough to arrive at a diagnosis 
of the nephrotic syndrome. Effort must 
be made to identify associated disorders 
which are frequent and sometimes curable. 

Chronic proliferative glomerulonephritis. 
In acute glomerulonephritis of strepto- 
coccal origin, electron microscopy shows, 
as anticipated, marked edema of both the 
endothelial and epithelial components of 
Bowman’s membrane, together with an 
accumulation of basement membrane-like 
material between the proliferating endo- 
thelial cells; it is this which obliterates 
glomeruli in chronic disease, but changes 
in the podocytes are minimal.!?>! 

Disseminated lupus erythematosus. A val- 
uable three-dimensional view of the natural 
history of lupus nephropathy is afforded 
by Kark’s extensive biopsy studies.1°7:?° 
These suggest that nearly all patients who 
live long enough will exhibit the nephrotic 
syndrome, and, of course, uremia is a 
common terminal event. The disease be- 
gins in the glomerular capillaries with an 
irregular focal thickening of the basement 
membrane. Adjacent endothelial cells pro- 
liferate, and deposition of fibrinoid within 
the capillary walls gives to it a smudgy, 
eosinophilic appearance. ‘‘Wire-loop’’ le- 
sions are simply focal collections of fibrin- 
oid. Hematoxylin-bodies, hyaline thrombi, 
and glomerular sclerosis develop later, if 
at all. It is the combination of lesions 
rather than the appearance of any one of 
them which establishes the diagnosis. 
Systemic evidence of lupus often subsides 
as renal failure proceeds, in which event 
the urinary sediment may offer an import- 
ant diagnostic clue. Krupp‘? showed that 
in patients with lupus and _polyarteritis 
nodosa the urine often contains formed 
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elements of great variety: red blood cells 
and red cell casts suggest the existence of 
acute glomerulitis; oval fat bodies, hyaline 
casts, and heavy proteinuria are hallmarks 
of the nephrotic syndrome, and_ broad 
casts from the ducts of Bellini usually 
indicate renal failure. Schreiner’? has 
emphasized the importance of these 
‘“‘telescoped”’ urinary sediments but warns 
that they are not entirely specific. Renal 
biopsy is a particularly useful procedure 
because the prognosis in lupus nephritis 
is much more serious than in membranous 
glomerulosclerosis. 

Diabetes mellitus. In 1936, Kimmelstiel 
and Wilson* described nodular deposits 
of a hyaline material in the peripheral 
portion of glomeruli of patients with 
chronic diabetes mellitus. Twenty years 
later, Kimmelstiel® reaffirmed the speci- 
ficity of this lesion and described similar 
deposits in the parietal layer of Bowman's 
membrane and the basement membrane 
of tubular epithelium. He agreed with 
Bell," however, that diffuse glomerulo- 
sclerosis is a much more common lesion, 
and the one related to edema and hyper- 
tension. From a large biopsy experience, 
Kark’s group®** concluded that the nodu- 
lar variety is never found in the absence 
of the diffuse lesion, and that it correlates 
poorly with the clinical signs of diabetic 
nephropathy. They point out that tech- 
nically this is not a sclerosing lesion but 
one which is due to the deposition of 
mucopolysaccharides, a_ reflection of the 
underlying metabolic disturbances. The 
term ‘“‘intercapillary glomerulosclerosis”’ 
should be abandoned, for the electron 
microscope shows that the essential lesion 
consists of thickening of the capillary base- 
ment membrane, together with deposition 
of mucoproteins within the endothelial 
cells,’ although others!”*! found the hyaline 
deposits between the endothelial cells. 
The diabetes is often so mild that a glucose 
tolerance test may be necessary to estab- 
lish its coexistence.’°° The presence of oval 
fat bodies in the urine and of capillary 
aneurysms in the retina are important 
diagnostic aids, since nephrosclerosis and 
pyelonephritis are also common in diabetes 
mellitus.*' Effective prophylaxis or treat- 
ment do not exist. 

Amyloid. In primary amyloidosis, ab- 
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normal proteins are irregularly deposited in 
the basement membranes of the glomeruli 
and tubules and in the walls of small arter- 
ies, and the glomerular epithelium is also 
diseased in a spotty, irregular manner,!°%:!25! 
Movat’s studies! with the electron micro- 
scope on human biopsy material showed 
deposition of amyloid on both sides of an 
intact basement membrane, together with 
fusion or destruction of the podocytes. 
Amyloidosis secondary to myeloma and 
chronic infection is distributed similarly.* 
Biopsy is the only reliable way of making 
the diagnosis of either variety, and it is 
important that it be made, since amyloido- 
sis does not respond to treatment. 

Pregnancy. Thickening of the basement 
membrane with deposition of fibrinoid 
material on the endothelial side are com- 
monly found in pregnant women with 
hypertensive cardiorenal disease, but the 
specific lesion of eclampsia is swelling of 
the capillary endothelium."*:!.46 This is 
entirely reversible but the other changes 
are not. Disease of the podocytes does not 
occur. It has been suggested that true 
eclampsia is due to the fact that mother 
and fetus are antigenically incompatible 
in the sense that the mother’s blood con- 
tains a protein which the child does not 
have and which therefore produces anti- 
bodies to it through the placental circula- 
tion—a sort of Masugi experiment in 
reverse.'!? This theory is unproved but can 
account for the fact that the mother gets 
kidney disease but the child does not. In 
any event, pure eclampsia leaves no resid- 
ual renal damage. 

Venous congestion of the kidney. Chronic 
congestive heart failure from any cause, 
and constrictive pericarditis in particular, 
is occasionally associated with massive 
proteinuria and its sequelae; in the latter 
situation, pericardiectomy has been cura- 
tive.2°*7 ‘*Podocyte disease’ has been 
seen.'5! Bilateral thrombosis of the renal 
veins is a fairly common complication of 
inferior vena caval thrombosis®®:*7-"8 and 
may be suspected after physical examina- 
tion alone. When no signs of caval ob- 
struction coexist, its detection may require 
an attempt to fill the renal veins with radio- 
paque material during a Valsalva ma- 
neuver. Spontaneous thrombosis of the 
small interlobular veins also occurs in the 
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course of various renal diseases, but this 
is a diagnosis which only the pathologist 
can make. Massive infarction of the kidney 
due to venous thrombosis happening so 
quickly that collateral circulation cannot 
form occurs especially in children. The 
clinical picture is usually that of acute 
renal failure. It is well to remember that 
the normal renal blood flow is about one 
fourth of cardiac output. 

Other diseases. The nephrotic syndrome 
has been seen occasionally in polyarteritis 
nodosa, multiple myeloma, Henoch-Schén- 
lein’s purpura, sickle cell anemia, and 
arteriolar nephrosclerosis,’® but these ex- 
amples are so rare as to raise the question 
of random coexistence. 


Treatment 


Since edema is usually the most striking 
abnormality, both the patient and _ his 
physician may easily become so _preoc- 
cupied with its control that the more funda- 
mental disturbances are neglected. Ana- 
sarca, however, is largely a cosmetic prob- 
lem, and there is no evidence that the ‘‘dry 
nephrotic” is better off than the ‘‘wet’’ one, 
although he may have less mechanical 
discomfort. The therapeutic target should 
be the abolition of proteinuria rather than 
the promotion of the flow of urine. If the 
renal lesion cannot be resolved, however, 
it is the physician’s next duty to maintain 
optimal nutrition, to prevent intercurrent 
infection, and to manage the erosions of 
cardiorenal function as they inevitably 
appear. 

Diuretics. Bed rest for a time and moder- 
ate restriction of the intake of salt often 
reduce edema quite appreciably, even in 
the face of persistent hypoalbuminemia. 
Xanthines, mercurials, and carbonic-anhy- 
drase inhibitors are less popular than they 
were before the introduction of the thiazide 
and phthalimidine derivatives. In such a 
rapidly expanding field as this, any recom- 
mendation can have only temporary va- 
lidity, but at the time of this writing the 
following compounds are widely used: 
chlorothiazide (Diuril), hydrochlorothia- 
zide (Esidrex, Hydrodiuril, Oretic), tri- 
chlormethiazide (Naqua), methylchlorothi- 
azide (Enduron), flumethiazide (Ademol), 
hydroflumethiazide (Saluron), benzydro- 
flumethiazide (Naturetin), and chlorthali- 
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done (Hygroton). We, among many 
others, have obtained satisfactory re- 
sponses to 50 mg. of hydrochlorothiazide 
twice daily, and prefer it to mercurial com- 
pounds, since it induces parallel increases 
in the output of sodium and chlorides 
without inordinate loss of potassium. In 
addition to hypokalemia with its attendant 
muscular weakness and cardiac arrhyth- 
mias, thiazide derivatives may cause hypo- 
chloremic alkalosis, hyponatremia, and 
hyperuricemia, with or without clinical 
gout.‘7 They have on occasion also pro- 
duced bone-marrow depression, jaundice, 
vomiting, and dermatitis. 

Nephrotic patients react less dramati- 
cally on the whole, however, than do pa- 
tients with congestive heart faiiure. Ster- 
oids which block the action of aldosterone 
at the renal level (spironolactones such as 
Aldactone) may be used in conjunction 
with the above-mentioned diuretics in 
order to intensify the rate of sodium excre- 
tion, and prednisolone may also be added 
if the patient is hyponatremic as well. 
Rigorous restriction of the intake of so- 
dium, especially if augmented by cation 
exchange resins, is apt to accentuate the 
hyponatremia so regularly seen anyway. 
Hypertonic saline only increases blood 
volume and aggravates the edema. 

Plasma volume expanders. These ma- 
terials have been more useful as physiologic 
tools than as therapeutic agents, but in 
selected instances may usefully potentiate 
the actions of steroids and diuretic drugs 
alike. Human albumin is expensive, and 
much of it is promptly excreted in the 
urine.?-%.9 Plasma substitutes are cheaper 
and equally effective” but have inherent 
drawbacks of their own. Acacia, widely 
used for a time, was abandoned when 
deposits were found in the liver long after 
administration. Dextran and polyvinylpyr- 
rolidone have been criticized on the same 
grounds,’ and the former particularly 
has caused allergic reactions, renal damage 
and abnormal bleeding. All substitutes for 
the patient’s own plasma proteins will be 
effective only when his capillaries are tight 
enough to permit what Armstrong has 
called an ‘‘iso-osmotic’”’ response charac- 
terized by hemodilution.* Human blood 
and its derivatives are all subject to viral 
contamination, and the physician must 
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balance the temporary benefit accruing 
from the use of substitutes against their 
small but measurable toxic properties. 

Other agents. Occasionally, diuresis has 
followed the deliberate induction of mea- 
sles’* and malaria®’ and short courses of 
nitrogen mustard. The rationale for 
their use is tenuous, and their real value 
very much in doubt. Intravenous calcium 
gluconate may be a mildly useful adjunct 
to steroid therapy by an unknown mecha- 
nism.** Desiccated thyroid was once ad- 
ministered because the basal metabolic 
rate is low and the serum lipids high in 
nephrotic patients, but nephrotic patients 
tolerate large doses of this material without 
apparent harm or benefit. Heparin has 
also been used because of its capacity to 
disburse blood lipids, but this is yet in the 
experimental stage. 

Hormones. ACTH and _ adrenocortical 
steroids are, by common consent, the only 
agents which can suppress the disease and 
prolong life.*:* The modus operandi of 
these substances is unknown, but their 
diuretic properties must be due to an in- 
crease in glomerular filtration rate relative 
to the rate of tubular resorption of sodium, 
whereas the abatement of proteinuria may 
be attributed in part to their anti-inflam- 
matory effects upon the glomerular filter, 
but in greater part to poorly understood 
metabolic processes. For example, ACTH 
increases the tubular transportation not 
only of uric acid and phosphorus but of 
ammonia and hydrogen, too; so it evidently 
participates in important enzymatic reac- 
tions.®® No unifying concept has yet been 
evolved which satisfactorily coordinates 
these apparently dissimilar actions. About 
all that one can say at present is that di- 
uresis often begins before any rise in plasma 
oncotic pressure occurs, that it may be 
independent of any change in protein ex- 
cretion, that it is accompanied by a drop 
in the output of aldosterone, that steroids 
can normalize early lesions in the epithelial 
layer of Bowman’s membrane, and that 
abolition of proteinuria is paralleled by a 
rise in the concentration of serum protein 
and by a fall in the concentration of serum 
lipids. Lange®®:*° and Merrill®*:!°° have been 
especially influential in establishing sched- 
ules which call for prolonged treatment 
with high doses, although differences of 
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opinion exist regarding the relative virtues 
of one agent over another. If ACTH is 
physiologically superior, it is also less con- 
venient, for it cannot be taken by mouth. 
Patients—and therefore probably most 
physicians—prefer the steroids, which can 
be swallowed. Prednisone, prednisolone, 
methylprednisolone, and triamcinolone ap- 
pear to be equally effective,'*' and all are 
superior to cortisone or hydrocortisone in 
that they are less apt to produce elec- 
trolyte disturbances, hyperglycemia, hyper- 
tension, convulsions, peptic ulceration, 
mental disturbances, and osteoporosis. 

The schedule must be tailored to the 
patient’s need, but the plan advised by Piel 
and Williams''* offers a satisfactory rule of 
thumb. It calls for either ACTH gel or 
prednisone in a daily dose of 1 mg. per 
pound of actual body weight until diuresis 
occurs and proteinuria has been suppressed 
for 1 week. At this point, treatment is 
limited to 3 consecutive days of each week, 
and the dose is gradually reduced to a basal 
level of 20 mg. daily and held there until 
the urine has been protein-free for about 
1 year.* This of course represeuts the ideal 
program, one to which perhaps 80 per cent 
of children and adults will respond, al- 
though it is rather easier to render patients 
edema-free than it is to control the pro- 
teinuria. 

What of the resistant patient? Induced 
hyperadrenocorticism is a severe metabolic 
dislocation, and the physician must ask 
himself whether slight amelioration of the 
renal lesion is worth the price. We have 
not used the high doses continuously for 
more than 6 weeks. Sometimes, diuresis 
does not occur until the treatment is 
stopped, for reasons that may be related 
to temporary adrenal insufficiency. The 
majority of patients will lose a satisfactory 
amount of edematous fluid, but the few in 
whom proteinuria is unmodified require 
re-treatment after a short interval of rest— 
provided that the physician has done what 
he can to rule out such unresponsive dis- 
eases as lupus erythematosus, amyloidosis, 


*Potassium chloride (2 to 4 Gm.) and oral penicillin (250,000 
units) should also be given on each day that large doses 
of hormone are used. Occasionally, a salt-poor diet is 
needed to control edema, and some administer aluminum 
hydroxide gel by mouth to reduce gastric acidity. 
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or diabetes mellitus. Obviously, renal bi- 
opsy is of great value here. In Lange's 
hands,®® 88 per cent of 42 children and 68 
per cent of 19 adults diuresed satisfactorily 
in the first course of treatment, and all but 
one of the resistant cases responded to re- 
treatment, one patient requiring five 
courses. Usually, the dosage is increased 
in subsequent courses, and nitrogen mus- 
tard may be added to the steroid program. 
Mild azotemia and hypertension are not 
absolute contraindications. About 60 per 
cent of these cases were kept aproteinuric 
on intermittent steroid maintenance ther- 
apy. Merrill!°° also reported encouraging 
results from continuous treatment with 
ACTH gel. In so far as we know, hormonal 
therapy has not abolished proteinuria in 
patients who failed to diurese. Danowski, 
Mateer and Puntereri,*! however, were able 
to abolish proteinuria in only 15 per cent 
of 54 miscellaneous cases of persistent 
proteinuria, but reported good results in 
about one third of the patients with glo- 
merulonephritis and membranous glomeru- 
losclerosis. 

It may be useful to teach the patient on 
maintenance therapy to test his own urine 
for protein, either with 20 per cent sulfo- 
salicylic acid or Clinitest papers. Pro- 
teinuria commonly increases during such 
stressful episodes as respiratory infections, 
sunburn, immunization procedures, severe 
physical exercise, etc., but very likely it 
is unnecessary to increase hormone dosage 
unless concomitant gain in weight occurs. 
A sliding scale may be worked out whereby 
the dosage is adjusted according to the 
degree of proteinuria, much as a diabetic 
patient adjusts his ration of insulin accord- 
ing to the degree of glucosuria. The relapse 
rate in the nephrotic syndrome is quite 
high unless treatment is meticulously 
adjusted to the patient’s particular needs, 
and relapse may occur after years of clinical 
and laboratory control. Only when the 
patient has been virtually aproteinuric for 
about a year is it permissible to discon- 
tinue treatment, and this must be done by 
a very gradual reduction in hormone dosage 
over a period of 3 to 6 months. 

Diet. Although Epstein mistakenly at- 
tributed the proteinuria to thyroid dys- 
function, he was probably the first clinician 
to appreciate the relationship between pro- 
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teinuria, hypoproteinemia, and edema, 
and his advice concerning a high intake of 
protein is still heeded.** Diets very rich in 
protein are not well tolerated by children 
especially, and in any case no marked effect 
upon concentration of serum albumin need 
be expected, but even slight increase in 
retained nitrogen is useful; anabolic ster- 
oids are theoretically useful from this 
standpoint also but have not been thor- 
oughly evaluated yet in patients with 
serious renal disease. Carbohydrate is 
usually welcomed by the patient. Intake of 
salt and water ordinarily need not be much 
restricted. Fruit juices are rich in the po- 
tassium needed especially during steroid 
treatment. The important thing is a diet 
which maintains body weight and which is 
acceptable to the patient. 

Physical activity. Prolonged bed rest is 
contraindicated. There is no reason why 
the patient should not do whatever he can 
do easily, although the renal vasoconstric- 
tion which normally occurs in the erect 
position and during exercise may be an 
argument in the minds of some for a nap 
after meals and for a long night’s rest. 
The susceptibility of nephrotic patients to 
bacterial disease is probably an argument 
against hospitalization these days, although 
initial studies and treatment with ACTH 
may require it. 

Statistics concerning the effect of treat- 
ment upon mortality have only temporary 
value. Evaluation is further complicated 
by failure of many authors to distinguish 
the varieties of glomerular disease which 
are associated with the nephrotic syn- 
drome.'” The recognition of disease of the 
basement membrane as an entity different 
from the proliferative endothelial response 
to streptococcal infections is a relatively 
recent achievement and makes it difficult 
to interpret even such important contri- 
butions as the classic study by Addis.’ 

Whereas it is now generally conceded 
that the outlook for patients with post- 
streptococcal glomerulonephritis is quite 
good, only the dimmest outline of the 
natural history of the nephrotic syndrome 
is available. Perhaps the best account of 
what happens to patients when the neph- 
rotic syndrome is unaccompanied by sys- 
temic disease in the: pre-steroid era is a 
series from the Hospital of the Rockefeller 
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Institute®; about half of the children re- 
covered spontaneously, but adults did so 
rarely. Among those who did so, the du- 
ration of the disease varied from 4 to 157 
months, the mean duration being 2 to 4 
years, depending upon the age group. 
Among those who died, the duration in the 
various age groups ranged from 29 to 82 
months, but individual variations ranged 
from 2 to 192 months. This study suggested 
that urea clearance was a useful prognostic 
guide in individual cases; recovery was 
improbable unless the clearance returned 
to normal. The common causes of death 
were infection, heart failure, cerebral 
edema, and venous thrombosis. Rather 
surprisingly, the introduction of antibiotics 
had little effect upon survival rate.'4 

The impact of hormonal therapy is 
authoritatively discussed in each Annual 
Conference on the Nephrotic Syndrome 
published by the National Kidney Founda- 
tion. At the meeting in 1958, Riley'™** re- 
ported that 75 per cent of 554 children 
treated intensively were alive 4 years after 
the onset of the syndrome, whereas only 
60 per cent of 318 control patients survived 
a similar length of time, and that a greater 
proportion of the living were in complete 
or partial remission. Goodman and Baxter® 
obtained equally good results in adults and 
children; at least partial remissions oc- 
curred in three fourths of each group. Post 
and Eckel!!! emphasized the fact that 
adults with the nephrotic syndrome have a 
much wider variety of degenerative renal 
lesions than do children, and thought that 
less than 50 per cent of adults with the 
idiopathic variety respond satisfactorily. 
Nevertheless, they believed that all such 
patients should receive intensive therapy 
for at least 3 to 4 months, and that pro- 
longed maintenance therapy in those who 
do respond is necessary to prevent relapse. 
Not enough is known about the natural 
history of the disease, however, to justify 
dogmatic statements about possible effects 
of treatment upon long-term survival. 


Summary 


The nephrotic syndrome is apparently 
due to continued excretion (and destruc- 
tion ?) of serum albumin by the kidney. 
The chief clinical consequences are pro- 
teinuria, hypoalbuminemia, edema, lip- 
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emia, and susceptibility to infection and, 
all too often, to terminal renal failure. 

The nephrotic syndrome is associated 
with many renal diseases. The most con- 
stant structural changes are seen by elec- 
tron microscopy in the glomerular epi- 
thelium. A reasonable facsimile of the dis- 
order can be produced in animals by anti- 
kidney serum and by certain chemicals, 
notably aminonucleoside. The theory that 
it is due to the formation of autoantibodies 
is attractive but unproved. 
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Annotations 


The preservation of myocardial function 
during open-heart surgery 


In the final analysis the success or failure of an 
intracardiac operation will largely depend on the 
adequacy of the reconstructive procedure, the extent 
of secondary changes in other organs, such as the 
pulmonary vascular bed, and the degree to which 
the contractile force and energy reserves of the 
myocardium have been conserved. When severe 
pulmonary hypertension, congestive heart failure, or 
advanced myocardial hypertrophy are present, the 
last group of factors assume critical importance, 
because the relationship between myocardial reserves 
and the obligatory work load demanded of the heart 
in the postoperative period may be in a fine state 
of balance. 

The clinical adoption of many features of current 
surgical practice has preceded proper evaluation 
of their effects on myocardial function. Total body 
perfusion, even when prolonged for 2 hours, has no 
detectable effect on ventricular function. Incision 
of the ventricle, on the other hand, invariably 
results in immediate impairment of function, the 
degree of impairment being related to the length 
and site of the incision.! The late effects of ven- 
triculotomy are virtually unknown and constitute 
an important field for further study. 

Hypothermia is frequently induced during total 
body perfusion. From the evidence available? it 
would appear that moderate hypothermia has no 
immediate effects on ventricular function, but, 
clearly, deep hypothermia has*; the heart frequently 
fails as the temperature is reduced below 25°C. 
It is presumed, but quite unproved, that these 
effects are completely reversed on rewarming. The 
histologic changes which follow hypothermia, demon- 
strated by Sarajas, Senning and Kaplan,‘ probably 
have functional accompaniments. 

The deliberate induction of asystole by the 
Melrose technique has been shown by a number of 
workers®-’ to result in lasting impairment of function 
and should probably be discarded as being more 
harmful than simple anoxic arrest. Hypothermia 
appears to lessen the damage done by the use both of 
potassium citrate® and of prolonged anoxic arrest.® 
The consensus of opinion is that, whereas simple 
anoxic arrest is better tolerated than potassium- 
induced asystole, anoxic arrest for 20 minutes 
results in significant reductions in ventricular 
function. Interrupted aortic occlusion, allowing 
coronary circulation briefly after each 5 minutes 
of cardiac anoxia, appears to conserve ventricular 
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function better than any of the other techniques 
which have been advocated.®:?7 Some further latitude 
may be provided for the surgeon if interrupted 
aortic occlusion is combined with moderate 
hypothermia. 

Whatever the technique of inducing asytole, 
the paramount importance of avoiding passive 
distention of either the right or left side of the 
heart, by adequate decompression, is now well 
recognized. It is similarly apparent to those working 
in the field that the heart takes at least a few 
minutes to recover even partially from any insult, 
be it anoxic or chemical. It is advisable, therefore, 
to continue total bypass for at least 5 minutes after 
the release of the aortic clamp, and to submit the 
heart gradually to its full work load after a further 
period of partial bypass. 

Even the anesthetic agents we use have significant 
effects on ventricular function, but these are prob- 
ably completely reversible. Halothane, which has 
much to commend it as an anesthetic agent in 
cardiac surgery, has quite a marked depressant 
effect on cardiac contractility in the concentrations 
which are used in clinical practice.’ Further study 
of other agents is necessary. 

It is clearly impossible in a short review to gain 
an adequate perspective of the various factors 
which have been mentioned. It is probable that 
these effects are additive and summate maximally 
in the period immediately after bypass. Although 
some are clearly reversible, our knowledge of the 
late effects of ventriculotomy, deep hypothermia, 
and induced asystole is quite fragmentary and 
awaits further elucidation. 

Surgery is both an art and a science, and judgment 
is often the final arbiter. A sound knowledge of the 
functional effects of the techniques we use should 
help us to make the best compromise in each case 
between the often conflicting interests involved in, 
on the one hand, conserving the function of the 
myocardium and, on the other, providing ideal 
conditions for surgical repair. 

The compromise reached will necessarily vary 
from case to case. In operations on patients in the 
older age group or on patients who have been in 
failure or who have gross ventricular hypertrophy, 
it can be presumed that the myocardial reserves 
are low, and surgical technique should be designed 
around the concept of maximally conserving these 
reserves. In some younger patients without these 
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accompaniments it is perhaps justifiable to take a 
calculated risk in order to provide better access 
so that complete repair of the defect is ensured. 
There can be no substitute in these matters for 
mature surgical judgment based on an adequately 

studied past experience. 
George R. Stirling, M.B., B.S., F.R.A.C.S. 
Melbourne, Australia 
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Ultrasonic cardiography 


The method, inaugurated by Edler and Hertz,! 
in 1954, at the University of Lund, Sweden, has 
been introduced at the I. Medical Department in 
Diisseldorf** and at some other medical clinics in 
Germany®® as a routine procedure in order to 
estimate the degree of mitral stenosis. The physical 
principle is generally known: the registration of 
ultrasonic echo, which originates from borderlines 
of different media. If sonic energy is sent through 
the human heart, a partial sonic reflection—in this 
case an ultrasonic echo—will arise at the border 
between cardiac walls and the surrounding tissue, 
that is, between the cardiac walls and the blood. 

For the generation of ultrasonic energy and the 
simultaneous receiving of the reflected sonic energy 
a piezoelectric electroacoustic transducer is used 
(sound-frequency 1-2.5 megacycles). The sound 
radiation is not a continuous but a periodic one 
(the duration of impulse is 1 to 7 ysec.). The re- 
flected sound impulse is reconducted to the piezo- 
electric quartz, which in the meantime has been 
switched onto reception. For visualization a cathode- 
ray oscillograph is used after amplification. The 
instrument used is a commercially available ultra- 
sonic impulse set which has been developed for the 
testing of materials. 

If the reflecting cardiac wall is moved toward the 
ultrasonic transmitter, the echos on the fluorescent 
screen will move toward the X-axis. This movement 
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is a time-function curve. Through the use of a 
transmitting frequency of 200 impulses per second 
it is possible to register the movement of special 
cardiac walls with an accuracy of measurements 
of 5 microseconds. 

If in the human subject the ultrasonic transmitter 
is placed over the third intercostal area on the 
left parasternal side, a moving curve is recorded 
which shows the characteristic forms of a venous 
curve with two maxima at the time of atrial systole, 
and having at the refilling phase a minimum at the 
time of ventricular systole. In case of incomplete 
or complete atrioventricular block the first maximum 
constantly appears 0.07 second after the beginning 
of the P wave in the ECG. This maximum is absent 
in case of atrial fibrillation. In case of atrial flutter, 
mechanical flutter waves may be registered.® 

In mitral stenosis the second maximum is re- 
corded synchronously with the mitral opening snap 
in the phonocardiogram. The following part of 
the curve, which corresponds to the time of ventricu- 
lar filling, that is, the atrial depletion after the 
opening of the mitral valve, progresses the plainer 
the greater the degree of mitral stenosis. In other 
words, the registered part of the heart will move 
more slowly from the chest wall the greater the 
degree of mitral stenosis. The closeness of the 
quantitative correlations to the anatomic condition, 
which is in accordance with the opening area of 
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the mitral valve, has been investigated in the mean- 
time on more than 1,500 patients with mitral 


valvular disease.® 

It is still unknown at which part of the cardiac 
wall the sound reflection takes place. By the direc- 
tion of the sound beam and the special topography, 
by the form of the curve in respect to the influence of 
arrhythmia or the synchronous registration of 
atrial pressure curves or the characteristic forms 
of the curve in case of mitral stenosis, one can pre- 
sume that the movement of the anterior wall 
of the left atrium is registered. The recent investiga- 
tions of Edler® on dead hearts suggest that the 
movements of the mitral valve itself are recorded. 

Since the ultrasonic waves can penetrate the 
cardiac walls—in contrast to kymography—tumors 
of the left atrium which may imitate mitral stenosis 
and large thrombus will give typical ultrasonic 
echo curves.® In the case of hydropericardium the 
movement of the anterior wall of the left ventricle 
can be recorded, and, from the distance of the 
sound generator to the anterior cardiac wall, the 
amount of effusion can be estimated. If the sound 
generator is applied over the second intercostal 
area on the left parasternal side, the moving curve 
of the A. pulmonalis can be registered. 

If the third intercostal area is chosen, using a 
medial and dorsal direction of the sound beam, 
the movement of the aortic valve in the human 
heart in situ can be recorded (Edler, 1960). Probably 
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by this means the distinction between valvular 
and subvalvular aortic stenosis is possible. But in 
contrast to mitral valvular disease, in this case 
there are still some technical difficulties of recording. 
Practical application to diagnostic procedure in the 
case of aortic valvular disease cannot yet be con- 
sidered. 
Franz Grosse-Brockhoff, M.D. 
Diisseldorf, Germany 
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in pulmonary emphysema and chronic cor pulmonale 


The electrocardiographic changes which occur in 
pulmonary emphysema and in chronic cor pulmonale 
have been well described.!-? Although some defini- 
tions of chronic cor pulmonale include a wide 
variety of conditions with right heart failure 
secondary to pulmonary hypertension, we shall 
use the term chronic cor pulmonale in its restricted 
sense of that of right heart disease secondary to 
pulmonary emphysema. 

The electrocardiographic patterns which have 
been described in pulmonary emphysema and 
chronic cor pulmonale include the following: (1) 
AP (frontal mean P wave axis) > +60° to +90° 
resulting in tall peaked P waves in Leads II, III 
and aVr, often accompanied by prominent T, 
waves; (2) AQRS (frontal mean QRS axis) +90° 
or greater (right axis deviation, vertical heart); 
(3) transition zone displaced to the left (“clockwise 
rotation”), with RS pattern in left precordial leads; 
(4) negative, or predominantly negative, QRS 
complexes (rS, QS) in all precordial leads; (5) 
low voltage QRS in limb and/or left precordial 
leads; (6) Sj, Q; pattern; (7) S;, Se, Ss; syndrome; 
(8) T-wave inversion in right precordial leads; (9) 


abnormal left axis deviation; (10) classic right 
ventricular hypertrophy (RVH) in Lead V; (Vsr) 
with dominant R wave (Rs, R, qR, QR, qRs); 
(11) rSR’ in Lead V; (Vsr); (12) complete right 
bundle branch block; (13) normal or nonspecific 
tracing. 

The distinction between the electrocardiographic 
changes that may be produced by emphysema alone 
and those that are due to associated right ventricular 
hypertrophy is at times difficult. To attempt to 
make such a distinction, however, is important since 
changes in the electrocardiogram may be, occasion- 
ally, the earliest objective manifestation of cor 
pulmonale. Conversely, the effect of pulmonary 
emphysema alone on the electrocardiogram should 
not be misdiagnosed as that of right ventricular 
hypertrophy. It will be best to consider the effect 
of each of these factors separately. 

Milder degrees of pulmonary emphysema may 
have no recognizable effect on the electrocardiogram. 
More severe degrees of emphysema (as measured 
by pulmonary function tests), however, may bring 
about certain characteristic changes in the electro- 
cardiogram.? 
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The heart becomes vertically placed because of 
the low diaphragmatic position. This results in a 
vertical electrical position of the heart and a right- 
ward deviation of the mean QRS and P-wave axes 
in the frontal plane. Because of the low-lying 
position of the heart, the customary precordial 
lead positions will be high, and most, or all, of 
the six leads may lie in the area of relative negativity 
for the mean QRS vector and record predominantly 
negative QRS deflections from Leads Vi-V¢ (rS 
or QS). If the heart is not displaced quite so low 
in the chest, the null plane of the mean QRS vector 
may be relatively parallel to the six precordial 
leads, and these will display a transitional type of 
complex (RS) even as far to the left as Lead V,. 
Posterior rotation of the mean QRS vector in the 
horizontal plane also contributes to the shift of the 
transition zone to the left (“‘marked clockwise 
rotation”’).§-° When the heart assumes a vertical 
position, there tends to be clockwise rotation on the 
longitudinal axis of the QRS electrical field (not 
to be confused with anatomic rotation of the heart, 
for which there is little evidence”), with the ap- 
pearance of an S; and a Q;. The QRS voltage is low 
because (1) the electrodes are relatively far removed 
from the ventricles; (2) the emphysematous lung 
is a poor electrical conductor; (3) the spatial QRS 
vector tends to be posteriorly directed, with a 
resultant small projection on the frontal plane. 

It is thus readily apparent that emphysema alone 
may produce virtually any of the electrocardio- 
graphic patterns that have been enumerated, except 
perhaps the more classic ones of RVH in the right 
precordial leads, the more marked degrees of 
right axis deviation (> + 110°), and right ventricu- 
lar conduction defects. The issue is further compli- 
cated by the fact that even advanced cor pul- 
monale with considerable anatomic RVH _ only 
rather uncommonly results in high voltage in the 
right precordial leads and, in fact, may exhibit no 
electrocardiographic evidence of RVH." Right ven- 
tricular conduction defects are suggestive, but 
certainly not diagnostic, of right ventricular en- 
largement in cases of pulmonary emphysema.*:” 

The classic “‘P-pulmonale”’ pattern may occur 
with emphysema alone or may be the sole electro- 
cardiographic manifestation of anatomically proved 
cor pulmonale." Some authors**:? believe that 
these P-wave changes are not caused by vertical 
position alone but may result from right atrial 
enlargement (dilatation and/or hypertrophy). 

The abnormal left axis deviation (in the range 
of —90°) occasionally encountered in severe pulmo- 
nary emphysema has been ascribed to abnormal 
transmission of electrical potentials’ or to associated 
left ventricular enlargement or conduction dis- 
turbance," or, in fact, is actually marked right axis 
deviation.’:* Another proposed explanation is the 
“axis-illusion’”” phenomenon® in which the poste- 
riorly directed mean QRS force is nearly perpendicu- 
lar to the frontal plane, and only a slight superior 
shift in this vector in the sagittal plane will project 
it on the frontal plane as a markedly superiorly 
directed force. 

Abnormal QRS patterns (qR, QS) suggestive of 
anteroseptal, anterior, and anterolateral myocardial 
infarction have been well documented in cases of 
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chronic cor pulmonale,‘"“ and have been attributed 
to right ventricular dilatation with or without 
RVH™" as well as to the posterior orientation of the 
mean QRS axis.*:* Abnormal Q waves in Leads 
II, III, and aVy simulating inferior myocardial 
infarction have also been described occasionally in 
chronic cor pulmonale.*:*.8 

Arrhythmias, other than sinus tachycardia, are 
uncommon in chronic cor pulmonale but may 
occur.'8 

It has been demonstrated in patients with chronic 
cor pulmonale that if the electrocardiographic pat- 
tern of RVH is present, the mean pulmonary arterial 
pressure usually exceeds 30 mm. Hg," and those 
patients with chronic cor pulmonale whose total 
pulmonary vascular resistance exceeds 750 dynes 
seconds cm. exhibit either RVH or a right ven- 
tricular conduction defect. It should be noted, 
however, that not all patients whose mean pulmo- 
nary arterial pressure exceeds 30 mm. Hg display 
electrocardiographic RVH. It has also been observed 
that those patients with chronic cor pulmonale 
who have hypoxia (arterial oxygen saturation < 85 
per cent) commonly show RVH in the electro- 
cardiogram.” 

In conclusion, it may be stated that the electro- 
cardiographic differentiation of cases of pulmonary 
emphysema without cor pulmonale from cases with 
cor pulmonale is often difficult or impossible. How- 
ever, when the classic electrocardiographic pattern of 
RVH appears, it usually indicates an advanced 
state of the disease, generally associated with 
pulmonary hypertension and hypoxia.*:” 

Ralph C. Scott, M.D. 
Cincinnati, Ohio 
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Indicator-dilution techniques 


in diagnostic cardiology 


Stewart! first described the dilution principle for 
measuring blood flow which was subsequently ap- 
plied to the study of the human circulation by 
Hamilton and his co-workers.2 However, the rela- 
tively recent work of Wood and his group* at the 
Mayo Clinic has stimulated great interest in the 
application of the indicator-dilution principle to 
diagnostic cardiology. 

The use of a great number of indicators has been 
described in a rapidly expanding literature. Colored 
dyes (methylene blue, Evans blue, indigo carmine, 
Coomassie blue, and carbocyanine), radioactive 
liquids and gases (albumin I"!, ethyl iodide I, 
Kr®), foreign gas (nitrous oxide), radiopaque dyes 
(Diodrast, Hypaque, Cardiografin), and radioisotope- 
tagged red blood cells are some of the indicators 
which have been used in the study of circulation. 
Although the technique and detecting devices may 
vary considerably, depending on the indicator 
employed, the principles underlying their use are 
common to all. Thus, experience gained with one 
indicator substance gives an understanding and 
permits evaluation of results obtained with others. 

Excepting the radiopaque dyes used in angio- 
cardiography, the practical choice of indicator lies 
among the colored dyes, radioactive materials, and 
foreign gases. In our laboratory, the colored dyes, 
particularly carbocyanine, have been used with 
considerable success. The colored dyes yield results 
comparable to those obtained with radioactive 
isotopes; they are inexpensive, and their use obviates 
the need for maintaining a “hot” laboratory—an 
impracticability for most small institutions. 

To be sure, not all colored dyes yield equally 
satisfactory results. The introduction of carbo- 
cyanine by Fox,‘ and Coomassie blue by Taylor 
and Thorp’ has provided workers with dyes which 
do not stain the skin and which permit the recording 
of dilution curves not distorted by oxygen de- 
Saturation. Thus, the chief disadvantages of dyes 
such as Evans blue have been eliminated. 


A good selection of detecting devices, both of the 
earpiece and cuvette types, is available. In fact, 
a rugged, stable earpiece transducer can be. in- 
expensively assembled with easily obtainable 
materials.6 Such an earpiece has been in continuous 
use in our laboratory for over a year, without 
breakdown. 

Perhaps the greatest diagnostic usefulness of 
indicator-dilution techniques is in the detection 
and localization of central shunts. Although routine 
cardiac catheterization and blood-oxygen analysis 
will permit the detection of left-to-right and right- 
to-left shunts, with the localization of left-to-right 
shunts, a significant number of such shunts will 
remain undetected by this method. ‘False positives” 
are also not uncommon. Case and associates’? have 
pointed out the unreasonably small percentage 
increase in oxygen content (8-14 per cent) required 
for the diagnosis of a left-to-right shunt by the 
oxygen method. 

As a rule, moderate and large shunts in either 
direction or bidirectional shunts can be detected 
easily by application of indicator-dilution techniques, 
with a much greater degree of accuracy than the 
conventional oxygen method. Often, simple in- 
spection of the contour of a dilution curve recorded 
from the ear after injection of indicator dye into a 
peripheral vein® or the vena cava® suffices, and 
serves as a useful screening procedure. Exact 
localization of right-to-left shunts is accomplished 
easily with multiple injections of indicator upstream 
and downstream from the lesion. 

The localization of left-to-right shunts, although 
more laborious, can be accomplished by any of 
several satisfactory methods described in the litera- 
ture. These techniques involve either the use of two 
catheters in the right heart, double-lumen catheters, 
or combined left and right heart catheterization. 

Approximate quantitation of the magnitude of a 
shunt is frequently possible by inspection of the 
recorded indicator-dilution curves. More precise 
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quantitation may be achieved by measurement of the 
various parameters of the dilution curve, particularly 
when the per cent of shunted blood is small. 

Intelligent analysis and comparison of dilution 
curves recorded after the injection of indicator into 
various locations in the heart and great vessels 
allows the diagnosis of such lesions as anomalous 
pulmonary venous drainage, aorticopulmonary win- 
dow, and transposition of the great vessels, as well 
as other congenital anomalies. 

Indicator-dilution methods have been applied 
to the study of valvular disease, particularly for 
the detection and quantitation of regurgitant flow. 
This application of the dilution principle, because 
of technical and theoretical considerations, has 
not been so successful as in the study of central 
shunts. Nevertheless, useful approximate quantita- 
tion of regurgitant flow can usually be made, and 
results obtained compare more favorably with 
operative findings than do those obtained with 
other available methods. 

One might question the need for diagnosing and 
localizing central shunts so small that they are 
undetected by the conventional oxygen method. 
If the clinical findings, however, are such that 
cardiac catheterization is indicated in the first 
place, then the use of ancillary methods, which 
introduce no additional hazard to the procedure 
and allow more accurate diagnosis, is indicated. 
It is not unlikely that many patients who were 
considered to have functional murmurs because of 
normal findings obtained during right heart catheter- 
ization would be shown to have small septal defects 
or other anomalies if restudied with the aid of 
indicator-dilution techniques. The identification of 
such lesions and careful follow-up would throw 
considerable light on the natural history of patients 
with shunt-type defects and aid in clarifying the 
indications for surgical intervention. 

Joseph Schluger, M.D. 
Brooklyn, N. Y. 
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Book reviews 


DIsEAStS OF THE NEWBORN. By Alexander J. 
Schaffer, M.D., Associate Professor of Pediatrics, 
The Johns Hopkins Medical School, and Pediatrician 
to the The Johns Hopkins Hospital; formerly, 
Pediatrician-in-Chief, and, at present, Attending 
Pediatrician to the Sinai Hospital of Baltimore, Md.; 
Chief of Pediatrics (Nursery Service), The Hospital 
for the Women of Maryland. Section on Neonatal 
Cardiology by Milton Markowitz, M.D., Assistant 
Professor of Pediatrics, The Johns Hopkins Medical 
School, and Pediatrician to The Johns Hopkins 
Hospital; Attending Pediatrician and Director of 
the Division of Pediatric Cardiology, Sinai Hospital 
of Baltimore, Md. Philadelphia, 1960, W. B. Saunders 
Company, 878 pages. Price $20. 


The section of this book written by Dr. Markowitz 
on disorders of the cardiovascular system of the 
newborn includes chapters on congenital heart 
disease, myocarditis, cardiac arrhythmias, mis- 
cellaneous conditions, and therapy. The intro- 
ductory chapter contains a good assessment of 
fetal circulatory changes at birth and of mani- 
festations of heart disease peculiar to the newborn. 
There is a pattern-type analysis of the electro- 
cardiogram of the newborn, without vector 
interpretations. The dissertations on myocarditis 
and arrhythmias will be particularly helpful 
to physicians concerned with the care of the 
newborn. Vascular anomalies involving the aortic 
arch are well presented, with descriptive case 
histories of congenital stridor in the section on 
respiratory disorders. Persistent atelectasis in a 
7-month-old infant without stridor was found 
to be caused by constriction of the left main 
bronchus between a patent ductus arteriosus 
and an aberrant left pulmonary artery. 

Congenital heart disease has become a com- 
prehensive subject and cannot be adequately 
considered in only the newborn phase of life. 
Thus, this chapter deals with cardiovascular 
anomalies as they are encountered in early 
infancy, and is of necessity abbreviated. A 
classification with regard to signs and symptoms 
is given as an aid to differential diagnosis. 
Emphasis is placed perhaps unduly on the 
anatomy of defects, with frequent omission of the 
dynamic and functional effects of different anoma- 
lies on the pulmonary and systemic circulations. 
Catheterization data are not given, thus pre- 
cluding graphic physiologic interpretations by 
the reader of clinical signs and radiographic and 
ECG changes caused by the different anomalies. 
Discussions of atretic lesions involving the 
tricuspid, pulmonary, and aortic valves, and 
transposition of the great vessels are especially 
appropriate and are well presented in this book. 
There is a good analysis, with case histories, 
of anomalous origin of a coronary artery from 
the pulmonary artery. However, there is no 
mention of the surgical treatment of this condi- 
tion, consisting of ligation of the vessel where it 
joins the pulmonary artery, a. procedure proved 
to be rational by the demonstration of arterial- 
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ized blood flowing from the anomalous vessel 
into the pulmonary artery, instead of the reverse 
type of flow so long presumed. 

The liberal use of well-illustrated cases, several 
furnished to the authors by Dr. Helen Taussig, 
cf Baltimore, helps to make the cardiovascular 
section of this book interesting and useful to 
physicians concerned with diagnosis in infants. 


CLINICAL VECTORCARDIOGRAPHY AND ELECTROCARDI- 
OGRAPHY. By Edward Massie, A.B., M.D., F.A.C.P., 
F.A.C.C., Associate Professor of Clinical Medicine, 
Washington University School of Medicine, St. 
Louis, Mo.; Director of Heart Stations, Barnes Hos- 
pital and Jewish Hospital; Director, Cardiovascular 
Clinic, Washington University Clinics; Area Con- 
sultant in Cardiology, Veterans Administration; 
and Thomas J. Walsh, B.S., M.D., F.A.C.C., 
Instructor of Clinical Medicine, Washington Uni- 
versity School of Medicine; Associate Director of 
Heart Station, Barnes Hospital; Visiting Physician, 
Jewish Hospital; Attending Physician, Washington 
University Service, Veterans Administration Hos- 
pital, St. Louis, Mo. Chicago, 1960, The Year 
Book Publishers, Inc., 592 pages. Price $27.50. 


The stated purpose of this book is to bridge the 
gap between clinical electrocardiography, vector 
electrocardiography, and vectorcardiography, and, 
as might be anticipated, the book is encyclopedic 
in extent. The best features of the book are the 
many properly labeled and clear illustrations, 
and the division of chapters into clinical syn- 
dromes, such as cor pulmonale, congenital heart 
disease, mitral stenosis, and myocardial infarc- 
tion, with summaries of the abnormal findings 
at the end of chapters. The chapters dealing 
with cardiac arrhythmias, drug and electrolyte 
disturbances, and the W.P.W. syndrome are 
particularly well done. 

There are several undesirable features of the 
book. The paragraphs describing vectorcardio- 
grams are too verbose. This is caused by the 
difficulty of describing in print the complicated 
gyrations of vectorcardiograms. Verbal descrip- 
tions of electrocardiograms are awkward, but 
attempts to describe vectorcardiograms are hope- 
lessly involved and tedious. 

Another of the undesirable features concerns 
the first few chapters. In attempting to review 
new and basic matters, the authors have got 
into deep water and consequently have made 

' errors. Fortunately, most of these errors lead 
only to confusion on the part of the reader, but 
occasionally the paragraphs have a certain 
plausibility that could seriously mislead a new- 
comer to the field. The worst example of this 
occurs in Chapter 2, wherein Kirchoff’s law 
is badly misstated, after being correctly stated 
a few pages earlier, and on both occasions has 
led the author to a wrong general conclusion 
which would be true only in a special case. 
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It is regrettable that the authors have dropped 
the newer concepts of ionic exchange “because 
of its complexity” in favor of the old Bernstein 
membrane theory, since the newer ideas, partic- 
ularly in connection with membrane potential 
studies, have provided much information in 
regard to the action of drugs, explanation of 
injury currents, and the effect of electrolytes. 
Fortunately, everything the authors have written 
using Bernstein’s theory is equally applicable, 
or more so, under the newer ideas, so that no 
serious errors have been made as a result. 

Lastly, the reviewer deplores the use of a non- 
orthogonal lead system to record vectorcardio- 
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grams. Although it is true that all vectorcardio- 
grams are interpreted empirically in some degree, 
this approach will only confuse future studies 
based on lead systems that are more truly 
orthogonal. It must be remembered that vec- 
torcardiograms will be truly in the frontal, 
horizontal, and sagittal planes only if good 
orthogonal leads are employed. 

Lest it seem that the reviewer is overcritical, 
it might be pointed out that the serious objections 
to the book apply to a small fraction of it, and 
actually there is much accurate and useful 
information, particularly on conventional elec- 
trocardiography, in the book. 


THE Lire INSURANCE MEDICAL RESEARCH FUND 
is now receiving applications for two types of 
awards to be available July 1, 1962, as follows: (1) 
Until Oct. 1, 1961, for postdoctoral research fellow- 
ships. Candidates may apply for support in any 
field of the medical sciences. Preference is given to 
those who wish to work on fundamental problems, 
especially those related to cardiovascular function 
or disease. Minimum stipened is $4,500, with 
allowances for dependents and necessary travel. 
(2) Until Nov. 1, 1961, for grants to institutions in 
aid of research on cardiovascular problems. Support 
is available for physiological, biochemical, and 
other basic work broadly related to cardiovascular 
problems, as well as for clinical research in this field. 

Further information and application forms may 
be obtained from the Scientific Director, Life 
Insurance Medical Research Fund, 1030 East 
Lancaster Ave., Rosemont, Pa. 


The Staff of the Department of Radiology at the 
University of Rochester regrets that it was not 
possible to hold the Tatrp SyMposiuM ON CINE- 
FLUOROGRAPHY in the Spring of 1961, as originally 
announced. Instead, the meeting will be held in 
Rochester, New York, on Friday and Saturday, 
Dec. 1 and 2, 1961. As before, the seating capacity 
of the auditorium will limit registration to approxi- 
mately 150 individuals. 

The program will include basic orientation in 
problems of motion picture radiography as well as 
demonstrations of the applications of cinefluor- 
ography in the basic sciences and clinical sciences. 

This announcement is an invitation for the sub- 
mission of scientific papers dealing with any facet 


of the technical or applied aspects of motion picture 
radiography. 

Address inquiries or applications to: Stanley M. 
Rogoff, M.D., Division of Diagnostic Radiology, 
University of Rochester Medical Center, Rochester 
20, N. Y. 


THE FourtH WorLD CONGRESS OF CARDIOLOGY 
will be held from Oct. 7 through 13, 1962. 

The sessions will be held at the Congress Building 
which was recently built at the Medical Center in 
Mexico City. The Congress Building is only a few 
steps from the Instituto Nacional de Cardiologia 
and has the best facilities for both scientific sessions 
and technical exhibits. 


Tue COUNCIL ON POSTGRADUATE MEDICAL EDUCA- 
TION OF THE AMERICAN COLLEGE OF CHEST Puy- 
SICIANS will present the following postgraduate 
courses during 1961: Cardiopulmonary Problems in 
Children, Brown Hotel, Denver, Colo., July 24-28; 
Industrial Chest Diseases, Warwick Hotel, Phila- 
delphia, Pa., Sept. 25-29; Clinical Cardiopulmonary 
Physiology, Sheraton-Chicago Hotel, Chicago, IIl., 
Oct. 23-27; Recent Advances in the Diagnosis and 
Treatment of Heart and Lung Diseases, Park Sheraton 
Hotel, New York, N.Y., Nov. 13-17; Recent Advances 
in Diseases of the Chest, Statler-Hilton Hotel, Los 
Angeles, Calif., Dec. 4-8. 

Further information may be obtained by writing 
the Executive Director, American College of Chest 
Physicians, 112 East Chestnut Street, Chicago 11, 
Ill. 
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Progress in Cardiovascular Dis. 7:663, 1960. 8. Bellet, S.: New England J. Med. 262:979, 
1960. 9. Goldman, M. J.: Progress in Cardiovascular Dis. 2:465, 1960. 10. Greif, E. and 
Scheuer, J.: J. Mt. Sinai Hosp. Nov./Dec. 1960. 


also available: INJECTABLE QUINAGLUTE *U.S. Patent 2895881 


SEE US at Booth #+W-31—AMERICAN MEDICAL ASSN. ANNUAL MEETING 
June 25-30—New York City 
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The 24-hour diuretic-antihypertensive 


ENDURON 


(METHYCLOTHIAZIDE, ABBOTT) 


Nothing is simpler in thiazide therapy: 
Prescribe ‘‘Enduron once a day, every day”’ 


One dose daily of this potent new thiazide is ample. It treats 
edema and hypertension around the clock. You can expect 
therapeutic action through the full 24 hour period (and longer). 

What’s more, Enduron provides an enhanced potassium-spar- 
ing effect. Whereas multiple dose drugs may cause multiple peaks 
of potassium loss, Enduron’s single dose brings but a temporary 
single peak. 

Enduron’s once-a-day dosage is of course a convenience, too. 
Easy for the patient to remember. Easy for you to supervise. 
We invite you to experience its benefits. ..soon. (See next page) 
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Every ENDURON tablet delivers over 
24 hours of continuous thiazide action 
With this unique agent, you need just one daily dose to reduce 
edema and hypertension. Diuretic response reaches maximum in 
about six hours. It then follows a smooth, continuing plateau for 


most of the remaining day. Even at end of the 24 hours, you are 
still eliminating sodium well above control (i.e., undosed) amounts. 


Usual Urinary Excretion Patterns Following 10 mg. of Enduron 


HOURS 6 12 18 24 
300 
CONTROL: 
Sodium 
——— Chloride and 
Potassium 
200 


APPROXIMATE MICROEQUIVALENTS PER MINUTE 


Note that Enduron’s effect on urinary potassium is minor; potas- 
sium depletion will seldom be a factor in your therapy. Similarly, 
Enduron’s favorably high ratio of sodium versus chloride excre- 
tion means lessened likelihood of hypochloremic alkalosis. 

How safe is Enduron? 

Repeated oral doses of many thousand times the therapeutic 
amount, have been well tolerated in test animals for months. 
Since Enduron’s milligram dosage in humans is low, it affords the 
security of an exceptionally safe therapeutic ratio. 

Difficulty, if any, is apt to arise from therapy that’s unnecessarily 
vigorous. Enduron is potent. 10 mg. produces at least as much 
sodium excretion as other available thiazides in any size dose. 
Single doses greater than 10 mg. don’t accomplish greater diuresis, 
and aren’t recommended or needed. 


Prescribe the 24-hour diuretic-antihypertensive: 


ENDURO 


(METHYCLOTHIAZIDE, ABBOTT) 


significant advance in thiazide therapy 


1. Ford, R. V., Current Therap. Res., 2:422-430, Sept., 1960. aseort 


2. Bryant, J. M.,et. al., Current Therap. Res., 3:1-4, Jan., 1961. 
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As 
‘ rent once 
Prectice 
diuretic 0 N 
4 


and 


Proven 


in over six years of clinical use and 
more than 750 published clinical studies 


Effective 


for relief of anxiety and tension 


Outstandingly Safe 


simple dosage schedule produces rapid, dependable 
1 tranquilization without unpredictable excitation 


no cumulative effects, thus no need for difficult 
2 dosage readjustments 


3 does not produce ataxia, change in appetite or libido 


does not produce depression, Parkinson-like symptoms, 
4. jaundice or agranulocytosis 


5 does not impair mental efficiency or normal behavior 


Miltown: 


meprobamate (Wallace) 


Usual dosage: One or two 400 mg. tablets t.i.d. 
Supplied: 400 mg. scored tablets, 200 mg. 
sugar-coated tablets; in bottles of 50. 


Also supplied in sustained-release capsules ...____ 


Meprospan’ jj 


Available as Meprospan-400 (blue-topped sustained- 
release capsules containing 400 mg. meprobamate), 
and Meprospan-200 (yellow-topped sustained-release 
capsules containing 200 mg. meprobamate). 


WALLACE LABORATORIES / Cranbury, N. J. 


June, 1961 page 19 


1On 
~duce 
IM in 
u for 
are 
unts. 

24 
|_| 
arly, : 
utic | 
ths. 
irily 

uch 
ose. | 


in edema or hypertension 


more doctors are prescribing— 


more patients are receiving the benefits of— 
more clinical evidence exists for— 


‘ 


| 


CHLOROTHIAZIDE 


than for any other diuretic-antihypertensive 


DIURIL is unique. There is no other brand 
of chlorothiazide. 


Dosage: Edema—One or two 500-mg. tablets 
DIURIL once or twice a day. Hypertension— 
One 250-mg. tablet DIURIL or one 500-mg. 
tablet DIURIL two to three times a day. 


HYPERTENSION CONGESTIVE FAILURE PREMENSTRUAL TENSION EDEMA OF PREGNANCY Ci,"2HOSIS WITH ASCITES RENAL EDEMA 


Supplied: 250-mg. and 500-mg. scored tab- 
lets DIURIL chlorothiazide in bottles of 100 
and 1000. 

DIURIL is a trademark of Merck & Co., INC. 


Additional information is available to the physician on request. 


MERCK SHARP & DOHME 
MOo Division of Merck & Co., INC., West Point, Pa. 
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Now you can monitor 2 events at once 


_ display a third on a panel meter... 
change amplifiers as phenomena require 


with this single compact, economical SANBORN DUAL MONITOR 
specially designed for operating and recovery rooms 


This new Sanborn 2-channel visual monitor- 
ing system is specifically designed for both 
large and small hospital use, where an easily 
operated, dependable and yet economical in- 
strument is needed for 2-channel display of 
dynamic phenomena such as ECG, EEG, and 
blood pressure during or after surgery. Com- 
pact (12” x 131%” x 21”) and completely self- 
contained, the Model 762 Dual Monitor 
presents two sharp, clear traces simultane- 
ously on a long-persistence 5” cathode ray 
tube, with simple controls for sweep speed, 
— scale illumination, brightness, and 
ocus. 


Your choice of interchangeable, plug-in pream- 
plifiers equip the Dual Monitor for the phe- 
nomena to be displayed: ECG, EEG, and 
pressure types for ’scope display of dynamic 
events . . . Low Level and Carrier types for 
presentation of temperature, mean blood pres- 
sure, and other slowly changing events on a 
large scale, external “760” Monitor Meter 
unit available as an accessory. Also a cardio- 


June, 1961 


tachometer (760-3) can be used for indicating 
heart rate on the ‘‘760’’ Monitor Meter. 


Safety in the presence of explosive gases is the 
reason all “760” preamplifiers are transis- 
torized, low voltage units. The power supply 
has both current and voltage limiting circuits 
— eliminating the possibility of high voltage 
or current coming from the preamplifier to the 
patient. Installing the Dual Monitor five feet 
above floor level then affords complete pro- 
tection. 

Write for complete information on the versa- 
tile Model 762 Dual Monitor, interchange- 
able Preamplifiers, optional Amplifier-Meter 
unit and Recording Systems for use with it. 
Address inquiry to Manager, Research In- 
strument Sales. 


MEDICAL DIVISION 
SAN BORN 
175 Wyman St., Waitham 54, Massachusetts 
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May be used 
as an 
infusion 


or by 
single 
injection 


nd Methoxamine Hydrochloride 


| BURROUGHS WELLCOME & CO. (U.S.A.) INC. 


IN HYPOTENSION | 
and 


CORONARY 


SHOCK 
prompt 

and sustained 
rise in 

blood pressure 
with 


Injection 


No tissue irritation; free from central 
nervous system stimulation. 
No increase of irritability, even in the E 
sensitized heart. 


Newly available 
10 mg. in 1 cc., multiple-dose vial of 10 ce. 


Still available 


20 mg. in 1 cc., Color-break ampuls of 1 cc. 
Boxes of 12 and 100 ampuls 


Also available 
*VASOXYL”® in 1% PROCAINE SOLUTION 
FOR INJECTION 


15 mg. in 1 cc., Color-break ampuls of 1 cc. 


Tuckahoe, New York 
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\ Of all leading brands 
of vegetable oils... 


Mazola 
liquid corn oil 
is best for 
replacing 
saturated fats 


because Mazola is both unexcelled in polyunsaturates 


(that reduce serum cholesterol) and lowest in saturates 


(that raise serum cholesterol). 


e E COMPOSITION OF MAZOLA CORN OIL 


Mazola Corn Oil has the following 


HERE’S oe average composition: 

PROOF: Grams/ 
This chart shows COTTONSEED ol * ; Grams/ fl. oz. (2 
atte Fatty Acids 100 grams/tablespoons) 
polyunsaturates PEANUT OIL * Polyunsaturates... 52-58 14-15.7 
to saturates pro- Monounsaturates.. 28-36 7.5-9.7 
vided by Mazola OLIVE o1L * Saturates ........ 10-14 2.8-3.8 


Natural Sitosterols... 1 (0.9-1.3) 0.14 
Natural Tocopherols.. about 0.1 0.015 
Cholesterol......... none none 


Corn Oil is more 
than twice that of 


any other leading *U.S. Dept. of Agriculture 
vegetable oil. Reports —1959 Sait 
alories— ablespoon 


lodine value—124 average 


CORN OIL CONTINUES TO BE A PREFERRED 
VEGETABLE OIL IN NUTRITIONAL STUDIES 


Your patients will find Mazola Corn Oil ideally 
suited for salad dressings, baking and frying. Mazol a OF HYPERCHOLESTEROLEMIA. 
By instructing them to use Mazola in place of PURE FREE! 
a substantial porti f rated CORN OIL i idi 

portion of more saturated types Valuable aid for guiding your hypercho- 
of fat, and to watch their caloric intake, you lesterolemic patient in dietary control: 
frequently will be able to lower the serum choles- A Pad of Menu Guides based on 2,000 


terol with minimum changes in eating habits. calories per day, with which you may 
readily construct a diet pattern best 
suited to your patient’s needs. 


Just write on your letterhead to: 
CORN PRODUCTS COMPANY, 
10 EAST 56 STREET, NEW YORK 22, N. Y. 


MAZOLA CORN OIL IS ALSO AVAILABLE IN CANADA, 
WESTERN EUROPE, LATIN AMERICA AND MANY OTHER 
COUNTRIES THROUGHOUT THE WORLD 
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For long-term control of hypertension, all 
the benefits of thiazide-rauwolfia therapy 
...plus specific, physiologic vasodilation 


Protoveratrine A vasodilation produces “the most 
physiologic, hemodynamic reversal of hypertension.”! 
Only Salutensin offers your patient the advantages of 
protoveratrine A, a specific vasodilating agent, in com- 
bination with basic thiazide-rauwolfia therapy. Proto- 
veratrine A is credited with -roducing “the most physi- 
ologic, hemodynamic reversal of hypertension.”! It acts 
on the blood pressure reflex receptors?> in the carotid 
sinus, heart and aorta to produce widespread periph- 
eral vasodilation, increase renal blood flow, and re- 
lieve tachycardia. Because of the potentiating effect of 
Saluron, the diuretic component in Salutensin, the 
quantity of protoveratrine A in Salutensin is small 
enough to eliminate or reduce to a minimum the risk 
of unpleasant “veratrum” side effects. 


A logical combination of actions, a single result: anti- 
hypertensive potentiation with reduced side effects. 
With Salutensin, you can resolve the problem of treat- 
ing hypertension by means of this more logical anti- 
hypertensive approach—antipressor diuresis, mild 
sedation and specific peripheral vasodilation. Saluten- 
sin combines Saluron, a more effective ‘dry-weight’ di- 
uretic which produces up to 60% greater excretion of 
sodium than does chlorothiazide;® reserpine, for mild 
tranquilizing and vasorelaxant effects; and protovera- 
trine A, to relieve arteriolar constriction and reduce 
peripheral resistance. The potentiating /additive effects 
of these antihypertensive agents®751°-13 have been 
found to give a greater total therapeutic effect at dosage 
levels of each agent which reduce the incidence and 
severity of their side reactions 


Added advantages for long-term or difficult patients. 
Salutensin is indicated for almost every patient with 


essential hypertension who requires treatment. It will 
reduce blood pressure (both systolic and diastolic) to 
normal or near-normal levels, and maintain it there, 
in the great majority of cases. Patients on thiazide/rau- 
wolfia therapy often experience further improvement 
when transferred to Salutensin. Patients who no longer 
respond to thiazide/rauwolfia may be spared the dis- 
turbing side effects of more potent antihypertensives 
by transferring them to Salutensin or by using Salu- 
tensin as their basic regimen. And Salutensin therapy 
is economical and convenient. 


Each Salutensin tablet contains: 50 mg. Saluron (hydroflume- 
thiazide), 0.125 mg. reserpine, and 0.2 mg. protoveratrine A. See 
Official Package Circular for complete information on dosage, 
side effects and precautions. 


Supplied: Bottles of 60 scored tablets. 


References: 1. Fries, E. D.: In Hypertension, ed. by J. H. Moyer, Saun- 
ders, Phila., 1959, p. 123. 2. Brest, A. N. and Moyer, J. H.: J.A.M.A. 
172:1041 (Mar. 5) 1960. 3. Grollman, A.: Pharmacology and Therapeu- 
tics, Lea & Febiger, Phila., 1960, p. 482. 4. Winer, B. M.: Circulation 
22:1074 (Dec.) 1960. 5. Martz, B. L.: J. Indiana M. A. 52:1779 (Oct.) 
1959. 6. Fries, E. D.: South M. J. 51:1281 (Oct.) 1958. 7. Finnerty, F. A. 
and Buchholz, J. H.: GP 17:95 (Feb.) 1958. 8. Gill, R. J., et al.: Am. 
Pract. & Digest Treat. 11:1007 (Dec.) 1960. 9. Ford, R. V. and Nickell, J.: 
Ant. Med. & Clin. Ther. 6:461, 1959. 10. Brest, A. N. and Moyer, J. H.: 
J. South Carolina M.A. 56:171 (May) 1960. 11. Wilkins, R.W.: Postgrad. 
Med. 26:59 (July) 1959. 12. Gifford, R. W., Jr.: Read at the Hahnemann’ 
Symp. on Hypertension, Phila. Dec. 8 to 13, 1958. 13. Fries, E. D., et 
al.: J.A.M.A. 166:137 (Jan. 11) 1958. 


SALUTENSIN 


(hydroflumethiazide, reserpine, protoveratrine A—antihypertensive formulation) 


BRISTOL LABORATORIES 
= Division of Bristol-Myers Co. / Syracuse, N.Y. 


Also available—for edema, hypertension...when a thiazide alone is enough: 


SALURON “(hydroflumethiazide) the ‘dry-weight’ diuretic with long-term benefits 
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COUMADIN 


the proven anticoasulant 
lor loné term maintenance 


now more widely prescribed 


than all other oral Over #8+-000;000" doses 
anticoagulants administered to date 


combined 


Over 125 published papers 
since 1953 


ENDO LABORATORIES Richmond Hil! 18, New York 


\ 
= 
j 
900, 
| 
( 
indy 
/ 
Coumas 
’ 
rhe oriaqinal ana only wartarin re 
sponsible for establishing this drug 
osely approacning Tne !1dea 
nticoaquiant. 
Full range of oral and parenteral dosage forms— 
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brings 
new dimensions 


to 
cardiac radiology 


...and with far less 
radiation exposure 


22 cm diameter fluoroscopic image of 
Picker image-intensifying tube (shown 
half-scale here) is big enough to embrace 
the whole of the adult heart. 


mh 


The PICKER Cardiological X-ray Unit. 


a single comprehensive apparatus 
with which you can... 


fluoroscope directly with a 22 cm image-intensifying tube 
(the field is large enough to visualize the whole adult heart) 
use either a VIDICON or ultra high-gain ORTHICON TV pick-up 


monitor continuously on closed-circuit TV 
(simultaneously with any number of remote TV screens) 


record an examination by cineradiography 
(on 16 mm or 35 mm film~at speeds up to 60 frames-per-second ) 


icker Cardi ical X-Ray Unit 7 
fluoroscope on a non-amplified 12” x 12” conventional screen ~ e for 
(simply slide the amplifier assembly out of the field ) simultaneous PA and lateral presentation. 


get a 10” x 12” radiograph anytime during the examination 
(simply drop a loaded cassette into the well and expose it) 


Much more to this story: get it firsthand from your local 
Picker man. Call any Picker office (see ‘phone book) or 
write Picker X-Ray Corp, 25 So.Broadway, White Plains, N.Y. 


nO capital investment if you’d rather rent e ask about the PICKER RENTAL PLAN 
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“It’s about time someone developed a 
good analgesic that controls pain and 
also allows the patient to stay awake and 
cooperate better with the nursing staff.” 


WS 


“It’s about time we had an analgesic 


that doesn’t keep postoperative patients 
knocked out. I'd like to see them awake 
after operation. I’d worry less about 

hypostatic pneumonia and venous stasi:’ 


ine 


ethanesul fons 
Brand of piminodine ethanesulfonate 


Alvodine is the first narcotic analgesic that provides practicall 
“pure” analgesia. It relieves pain without causing drowsines 
(93.7 per cent of 1577 patients) or significant euphoria (% 
per cent). When sleep follows the administration of Alvodine,! 
is due to relief of pain, not to hypnosis. In therapeutic dosag 
Alvodine is safer than morphine because it has little effect @ 
respiration and circulation. Nausea and vomiting are rare followy 
ing its use, Unlike codeine and morphine, it does not cau? 


American Heart Journal 
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“The time is here— 


7 “It’s about time a strong analgesic without and the drug is Aivedies 

undue sedative action was available for ‘ 

wake ; Alvodine relieves pain as well as morphine 
ambulatory patients. Many of my cancer d 

stasis —_* P virtual absence of drowsiness. It should 


an agent that doesn’t make them drowsy, 
doesn’t force them to bed too soon.” 


be the answer to your problems.” 


wip! 


Ws 


new approach to “pure” analgesia 


constipation. In contrast to most other analgesics, Alvodine is 

fully effective when administered orally. Injection may be given 

(%) for quick action or when parenteral use is indicated. 

dine,"— Alvodine tablets, 50 mg., scored. Average oral dose for adults: 

dosag:} from 25 to 50 mg. every four to six hours as required. (Ij) 


LABORATORIES 


fect“) §Alvodine ampuls, 1 cc. containing 20 mg. per cc. Average sub- 
New York 18, N. Y 


follov- , cutaneous or intramuscular dose for adults: from 10 to 20 mg. 
t caus} every four hours as required. Narcotic Blank Required. *Alvodine, trademark. 
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whenever digitalis 
is indicated 


A brand : A 


formerly known as Digoxin ‘B. W. & Co.”* 


Therapy: 


Ss. A.: 
nd Levine, ~ 
Brown & Com 


*‘LANOXIN’ TABLETS *‘LANOXIN’ INJECTION *‘LANOXIN’ ELIXIR PEDIATRIC 
0.25 mg. scored (white ) 0.5 mg. in 2 ec, (1.M. or LV.) 0.05 mg. in 1 ee. 


0.5 mg. scored ( green ) 


bral BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, N.Y. 
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ih 
“If one digitalis agent were 
to be recommended for its | 
adaptability to the many and 
varied clinical contingencles: 
we believe Digoxin would be 
the drug of choice.” 
Lown, Current Concepts in Digitalis 
Boston, Li pany. 1954, P- 93, pat: 


for your patient with 


een benefits from 


aqua trichlormethiazide 
often the only drug required for satisfactory reduction of blood pressure in both mild and moderate 
hypertension...commonly relieves headache, palpitation, etc.’...may further reduce blood pressure 


levels reached on previous regimens?... usually obviates need for potassium supplements... potentiates 


effect of some adjunctive antihypertensive agents, decreasing their dosage needs, thereby reducing 


their potential side effects...economically priced for special benefit of long-term patients. Packaging: 


NAQUA Tablets, 2 and 4 mg., scored, bottles of 100 and 1000. References: (1) Cohen, B. M.: Newer Saluretic Agents 
in the Therapy of Hypertension, paper presented at 6th Internat. Cong. Int. Med., Basel, Switzerland, Aug. 24-27, 1960 


(2) Ford, R. V.: Am. J. Cardiol. 5:407, 1960. 
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Protects the angina patient 
better than vasodilators alone 


Unless the coronary patient’s ever-present 
anxiety about his condition can be 
controlled, it can easily induce an 
anginal attack or, in cases of myocardial 
infarction, can delay recovery. 


This is why Miltrate gives better 
protection for the heart than vasodilators 
alone in coronary insufficiency, angina 
pectoris and postmyocardial infarction. 


Miltrate contains PETN (pentaerythritol 
tetranitrate), acknowledged as basic 
therapy for long-acting vasodilation. .. . 


REFERENCES: 1. Ellis, L. B. et al.: Circulation 17:945, May 1958. 
2. Friedlander, H. S.: Am. J. Cardiol. 1:395, Mar. 1958. 3. Riseman, 
].E.F.: New England J. Med. 261:1017, Nov. 12, 1959. 4. Russek, H. I. 
et al.: Circulation 12:169, Aug. 1955. &. Russek, H. I.: Am. J. Cardiol. 
3:547, April 1959. @. Tortora, A. R.: Delaware M. J. 30:298, Oct. 1958. 
7. Waldman, S. and Pelner, L.: Am. Pract. & Digest Treat. 8:1075, 


July 1957, 


Supplied: Bottles of 50 tablets. Each tablet contains 200 mg. 
Miltown and 10 mg. pentaerythritol tetranitrate. 


: 1 or 2 tablets q.i.d. before meals and at bedtime, 
according to individual requirements. CML-3619 
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What is more important—Miltrate provides 
Miltown, a tranquilizer which, unlike 
phenobarbital, relieves tension in the 
apprehensive angina patient without 
inducing daytime fogginess. 

Thus, your patient’s cardiac reserve is 
protected against his fear and concern 
about his condition; his operative arteries 
are dilated to enhance myocardial blood 
supply—and he can carry on normal 
activities more effectively since his mental 
acuity is unimpaired by barbiturates. 


Miltrate 


Miltown® (meprobamate) + PETN 
(f)/ WALLACE LABORATORIES / Cranbury, N. J. 
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ACTAZIDE 


(brand of spironolactone with hydrochliorothiazide) 


e restores dry weight e@ ambulates the patient 


When patients require maximal control of edema and ascites, Aldactazide will 
frequently free them from excess fluid when no other drug or combination of drugs 
will do so adequately. 

The two components of Aldactazide—Aldactone®, brand of spironolactone, and 
hydrochlorothiazide—activate diuresis by two different mechanisms in two differ- 

_ ent sites of the renal tubules. This separate and dual influence increases diuresis 

not merely by additive but by truly synergistic increments. 

Further, by protecting potassium reserves, Aldactazide provides optimal safety 
when therapy must be prolonged. 

With Aldactazide many of your patients can lead more normal lives, in greater 
comfort with less restricted activity, free from the burden of edema and ascites, 


INDICATIONS: 
Edema of congestive heart failure, cirrhotic edema and ascites, 
edema of nephrosis, idiopathic edema. G.D. Ss EAR LE &CO. 
The usual adult dosage of Aldactazide is one tablet four CHICAGO 80, ILLINOIS 
times daily, although dosage may range from one to eight : : 
tablets daily. Research in the Service 
Aldactazide is supplied as compression-coated white of Medicine 


tablets, each tablet containing 75 mg. of Aldactone and 25 mg. 
of hydrochlorothiazide. 
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ow to buy 51,000 
for 63° a Day 


A stroke of your pen and you're on your 
Way toward having $1,000 for a few 
cents a day. Lots of people are doing it. 
Just let the company where you work 
know how much to take out for U. S. 
Savings Bonds every payday. 


By saving just 63¢ a day you can 
buy an $18.75 Bond every month. 
After 40 months you own a stack of 
Bonds worth $1,000 at maturity. 


Perhaps the best part is this—you get 
$1,000 with money you might have 
easily dribbled away. 


Why U.S. Savings Bonds are 
such a good way to save 


You can save automatically with the 
Payroll Savings Plan. You now earn 
334% interest to maturity. You invest 
without risk under a U. S. Government 
guarantee. Your money can’t be lost or 
stolen. You can get your money, with 
interest, anytime you want it. You can 
buy Bonds where you work or bank. 


NOW every Savings Bond you own 
—old or new—earns 4% more 
than ever before. 


You save more than money with U. S. Savings Bonds 


The U. S. Government does not pay for this advertising. The Treasury Department 
thanks The Advertising Council and this magazine for their patriotic donation. 


American Heart Journal 
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LIFTS 


DEPRESSION / 


AS IT 


CALMS 
ANXIETY 


Thanks to your balanced Deprol therapy...his depression has lifted and 
his mood has brightened up — while his anxiety and tension have been 


calmed down. He sleeps better, eats properly, and normal drive and interest 
have replaced his emotional fatigue. 


Brightens up the mood, brings down tension 


Deprol’s balanced action avoids “seesaw” effects 
of energizers and amphetamines. While ener- 
gizers and amphetamines may stimulate the 
patient — they often aggravate anxiety and 
tension. 


And although amphetamine-barbiturate combi- 
nations may counteract excessive stimulation — 
they often deepen depression and emotional 
fatigue. 


These “seesaw” effects are avoided with Deprol. 
It lifts depression as it calms anxiety — a bal- 
anced action that brightens up the mood, brings 
down tension, and relieves insomnia, anorexia 
and emotional fatigue. 


Acts rapidly — you see improvement in a few 
days. Unlike the delayed action of most other 
antidepressant drugs, which may take two to six 
weeks to bring results, Deprol relieves the 
patient quickly — often within a few days. Thus, 
the expense to the patient of long-term drug 
therapy can be avoided. 


Compatible with therapy for 
physical diseases. Deprol can be 
used safely with specific therapies for 
cardiovascular, G.I. and upper respira- 
tory conditions. It does not cause liver 
toxicity, hypotension or tachycardia. 


“Deprol* 


Dosage: Usual starting dose is 1 tablet q.i.d. When neces- 
sary, this may be gradually increased up to 3 tablets q.i.d. 
Composition: 1 mg. 2-diethylaminoethyl benzilate hydro- 
chloride {benactyzine HCI) and 400 mg. meprobamote. 
Supplied: Bottles of 50 light-pink, scored tablets, Write 
for literature and samples. 


Wa WALLACE LABORATORIES / Cranbury, N. J. 
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Are you confident you could 


interpret these tracings ? 


Here’s authoritative guidance for the 
non-cardiologist in the diagnosis and 
treatment of cardiac arrhythmias 


Ready This Month! Phibbs 
The Cardiac Arrhythmias 


A Guide for the General Practitioner 


This new book is a straightforward and unsophisticated 
presentation of electrocardiographic interpretation of the 
more common cardiac arrhythmias. With its help, all 
physicians who are not cardiologists can gain a real un- 
derstanding of the subject and develop confidence in 
their ability to diagnose and treat most cardiac arrhy- 
thmias. Dr. Phibbs’ new book reduces the facts of elec- 
trocardiographic diagnosis to a kind of “basic English;” 
it integrates a few, well chosen words with nearly 150 
large “atlas-type” anatomic drawings and electrocardio- 
graphic tracings like the ones above to clarify the differ- 
ences between functional and pathological arrhythmias 
in a way that has not been attempted before. This new 
book describes the sequence of events in normal and ab- 
normal heart mechanisms. You'll find 50 practice prob- 
lems in the back of the book to help you develop your 
skills in interpreting these tracings. 

By BRENDAN PHIBBS, M.D., Casper Clinic, Casper, Wyoming. Ready 
this month. Approx. 128 pages, 634” x 934”, illustrated. About $6.75. 
* Answers: 


1 Compiate atrioventricular block with multiple ventricular pace- 
makers. 

2 Interference-dissociation with atrioventricular block. 

3 Flutter (3:2 ratio). 


(All tracings shown above appear 30% larger in the book.) 
Order on 30 Day Approval From 


The C. V. Mosby Company 


3207 Washington Blvd., St. Louis 3, Mo. 
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Here are three good reasons why 
you should write “Raudixin” in the 
treatment of high blood pressure: 


1. The whole root, including 2. Radioisotope dilutionassay 3. Every Raudixin tablet to 
all its active fractions, is used (important, but rarely done reach your patient meets the 
for maximal antihypertensive elsewhere) determines potency. high Squibb standards for ef- 


activity with minimal sedation.. 


For full information, 


fectiveness, potency and 
uniformity. 


see your Squibb i 
Projet Referees d Squibb Quality 
— the Priceless Ingredient 8 


Squibb Standardized Whole Root Rauwolfia Serpentina 
Supply: 50 and 100 mg. tablets. § ‘Raudixin’® is a Squibb trademark. 


Specially designed and produced for Tue 
AMERICAN Heart JouRNAt, this file will keep 
one volume, or six issues, clean, orderly and readily 
accessible. Picture this distinctive, sturdy Vol- 
ume File on your book shelf. Its rich green Kivar 
cover looks and feels like leather, and the 16-carat 
gold leaf hot-embossed lettering makes it a fit 
companion for your finest bindings. 


g code Gor Corfe. (Since 1843) 


P. O. BOX 5120, PHILADELPHIA 22, PENN. 


Preserve Your Journals 


With This 
Jesse Joues 
Volume File 


The Volume File is reasonably priced, in spite 
of its costly appearance. It is sent postpaid, care- 
fully packed, for $2.50 each. Most subscribers 
will find it more convenient and economical to 
order 3 for $7.00 or 6 for $13.00. When ordering 
specify file for THe AMERICAN HEART JOURNAL, 
Send check with order. Satisfaction guaranteed. 
Can be sent to U. S. and Possessions only. For 
prompt shipment, order direct from 
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pisitals 


in its completeness 


Each pill is 
equivalent to 
one USP Digitalis Unit 


Physiologically Standardized 
therefore always 
dependable. 


Clinical samples sent to 
physicians upon request. 


Davies, Rose & Co., Ltd. 
Boston, 18, Mass, 


with your support 


RETARDED 
CHILDREN 
CAN BE 
HELPED 


Changing Your 
Address - - 


WHEN YOU MOVE, PLEASE: 
(1) Notify us to change your 
address—allow us six weeks 
to make the change. 


— (2) Mention the name of this 
Journal. (We publish 
twelve periodicals. ) 


(3) Give us your old address. 
If possible, return the ad- 
dressed portion of the en- 
velope in which we sent 
your last copy. 


(4) Give us your new address— 
complete — including the 
Postal zone number. 


(5) Please print your name and 
| address. 


Thank You! 


CIRCULATION DEPARTMENT 
The C. V. Mosby Company 
3207 Washington Blvd., St. Louis 3, Mo. 
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Here are three good reasons why 
you should write “Raudixin” in the 
treatment of high blood pressure: 


3. Every Raudixin tablet to 
reach your patient meets the 
high Squibb standards for ef- 
fectiveness, potency and uni- 
formity. 


2. Biological assay measures 
the ability to counteract the 
pressor effect of standard doses 
of epinephrine in the dog. 


1. Biological assay measures 
the ability to produce ptosis 
in the mouse in comparison 
with a reference standard. 


SQUIBB 


] ] Squibb Quality W 
— the Priceless Ingredient 


Squibb Standardized Whole Root Rauwolfia Serpentina 
Supply: 50 and 100 mg. tablets, ‘Raudixin’® is a Squibb trademark. 


For full information, 
see your Squibb 
Product Reference 
or Product Brief. 
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RECOVERY RATE: OVER 90% 


...in over 1,000 published cases 
of thromboembolic disease 


je] BRAND OF PHENINOION! 

BPhenyi.t. 

50 mg. | 
Caution Federa! taw 


witheyt pre 


HEDULIN is the trademark for the Walker brand of phenindione. 50 mg. scored tablets for therapeutic 
use; 20 mg. scored tablets for prophylactic use. Bottles of 100 and 1,000. For more detailed informa- 


tion and a clinical trial supply of Hedulin, write to Walker Laboratories, Inc., Mount Vernon, N. Y. 
1, Breneman, G. M., and Priest, E. McC.: Am. Heart J. 50:129 (July) 1955. 2, Tandowsky, R. M.: Am. J. Cardiol, 3:551 (April) 1959. 
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“UPSET STOMACH” ON DIGITALIS 52-year old male had rheumatic heart disease, 


cardiomegaly Grade II, auricular fibrillation, mitral stenosis, mitral insufficiency, and was in class III-C. 
For 17 months he had been in failure. Three grains of digitalis daily were required for effective mainte- 
nance therapy. When the patient began to complain of frequent “upset stomach”, he was placed on digi- 
toxin, with an alternating 0.1 and 0.2 daily maintenance dose. Nausea became very severe after two months, 
and digitoxin was decreased to 0.1 mg. daily. Congestive failure increased and rehospitalization was 
necessary. Patient was given GITALIGIN, 0.5 ing. q.i.d. for two days, then 1.5 mg. daily for six weeks, fol- 
lowed by 1.0 mg. per day with 1.5 mg. every third day. Failure was effectively controlled without toxicity.’ 


“DIGITALIS TOXICITY IS SEEN WITH INCREASING FREQUENCY TODAY...” 


for maximal digitalis activity with minimal toxicity 


‘‘,,. patients who became toxic very readily with other agents 
could later be satisfactorily digitalized with gitalin (GITALIGIN).”’* 
Wider margin of safety—frequently effective in patients refractory to 
other digitalis glycosides + broader clinical utility—therapeutic dose 


only ¥ the toxic dose « faster rate of elimination than digitoxin or digi- 
talis leaf. 2 Supplied: 0.5 ing. scored tablets—bottles of 30 and 100. 


1, Dimitroff, S. P. etal.: Ann. Int. Med. 39:1189, 1953. 2. Pastor, B. H.: GP 22:85,1960. 


tamorphous gitalin, White WHITE LABORATORIES, INC.: Keniiworth, New Jersey 


QUALITY / 


= to improve 
cardiac 
function 


CRYSTODIGIN' 


permits 
accurate dosage titration 


Since initial digitalization and maintenance 
dosage must be carefully individualized, 
Crystodigin fulfills the important require- 
ments of a preferred digitalis. Crystodigin 
is a crystalline-pure, uniformly potent single 
glycoside that is completely absorbed in the 
gastro-intestinal tract. With Crystodigin, 
the maximum therapeutic effect can be 
readily obtained by dosage titration in in- 
crements as small as 0.025 mg. 

Available in scored tablets of 0.05 mg. 
(orange), 0.1 mg. (pink), 0.15 mg. (yellow), 
and 0.2 mg. (white); and in 1-cc. and 10-cc. 
ampoules, 0.2 mg. per cc. 


Crystodigin® (crystalline digitoxin, Lilly) 
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